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FOREWORD 


It gives me a great pleasure to write the foreword of the 
book Systematic Qualitative Analysis written by my worthy 
colleagues Dr. G.S. Jauhar and Dr. Keemti Lal Kapoor. 

The practical training in a chemical laboratory has under- 
gone great changes during the last two decades and in order to 
grasp the fundamentals of the qualitative analysis in a systema- 
tic manner, it is essential that a simple but systematic approach 
be presented to the students right from the undergraduate level. 

In the present book the authors have tried to expiain 
every step in qualitative analysis in a simple manner so that a 
student can understand and analyse the mixture in his way. 
Considering the difficulties of the qualitative analysis, in light 
of the above, the authors are to be congratulated for highly 
successful attempt in a lucid and clear presentation of the sub- 
ject matter. 

It is my earnest hope that the book will be found very 
suitable for the undergraduate students and will lead to a more 
widespread adoption of the newer methods of qualitative 
analyses. 


DR. R.K. AGARWAL 
Editor-in-Chief 

Asian Journal of Chemistry 
Department of Chemistry 

Lajpat Rai Post-Graduate College 
(Meerut University) 
Sahibabad-201005 

(Ghaziabad) 
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INTRODUCTION | 


QUALITATIVE ANALYSIS 


QUALITATIVE analysis is mainly concerned, with the detection 
and identification of constituents of an inorganic substance or 
a mixture of substances. The inorganic mixture given for analy- 
sis is made from such components which, on dissolving in water, 
split up into two types of charged particles, one type carrying 
a negative charge called the anion or negative ion and the other 
carrying a positive charge known as cation or positive ion. . 
The cation is also called a basic radical whereas the anion is 
called the acidic radical. In potassium chloride, potassium ion 
is a basic radical whereas the chloride ion is an acidic radical. : 
In order to carry out a qualitative analysis. of an. inorganic 
mixture, а number of experiments are carried out to detect 
the presence of basic and acidic radicals present in it. These 
experiments are known as tests. Tests are of two types, positive 
and negative. While doing a test, one is concerned with the 
formation or the disappearance of (i) colour, 'Gi) a precipitate, 
and (iii) a gas. Теа test is done and it gives the same result as 
given in the procedure, it means that the test is a positive one 


and shows the ione of a certain radical. 


Chemical reagents The identification of the и of 
the inorganic substance or mixture is achieved with (пе. Һер of 
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-ancther substance of known nature when the former is convert- 
ed into a suitable product. This substance by means of which 
the reaction is brought about is known as a reagent. 


Group Reagent As the number of substances is very large, 
these have been divided into various groups based on their 
similarity on treatment with certain chemical reagents called 
group reagents. After knowing the group in which a particular 


substance is present, one procceds to identify the individual 
ions, cations or anions, 


The basic difference Between the identification of com- 
ponents of a single substance (salt) and of a mixture lies in 
the fact that in the latter case a particular cation has to be 


completely removed before Proceeding in the succeeding stages 
of analysis, 


Dry Tests These tests are carried out with dry solid 
inorganic mixture, Although dry tests do not lead to very uscful 
conclusions yet these furnish certain valuable information which 
could be helpful ata latter stage in the correct identification of 
acid and basic radicals by wet tests. 


Wei Tests These are applied to. su 
adding a reagent to the solu 
analysis, 


Types of Qualitative Analysis 


Various techniques employed in itati i 
dodi 1 ћ qualitative analysis depend 
d us the quantity of the sample used for analysis (Table кад: 


bstances in solution by 
tton of the substance which is under 


152210 КП 


МИТ ai gi visco cs FABLE TT 
Me га пау. 
з analysis, Amount of semple taken 


т. URN, 05-10g 
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Physico-chemical Principles 


Some physico-chemical principles involved in qualitative analysis 
are discussed here, the knowledg> of which will b> very useful 
for understanding of the reactions and tests to be performed in 
_the laboratory. 


Jonization When a salt is dissolved in water it ionizes 
into cation and anion. This phenomenon is called ionization. 
Thus, sodium chloride ionizes into sodium ion and chloride 
ion. 


NaCl=Na*-+ СІ” 


МаСке . Мау + тег 
(cation) (anion) 


In the same way acids and bases ionize in water. If the extent 
of ionization of an acid or base is relatively large, it is termed 
strong acid or base, e.g. HCI or NaOH respectively. On the 
other hand, CHCOOH or NH,OH is a weak acid or base due 
to less ionization. In general strongly ionized acids, bases and 
salts are called strong electrolytes and the feebly ionized ones 
are called. weak electrolytes. : 


Law of Mass Action 


The law of mass action states, ‘The rate at which, a substance 
reacts is proportional to its active mass and the rate of a chemi- 
cal reaction is proportional to the product of the active : masses- 
of the, reacting substances." | а 


The term active mass means molecular concentration, ie., 


the number of gram molccules of substance per unit volume, To 
illustrate it, let us consider a genera! reaction: 


А+Вес+р 


Let [A], [B] [C] and [D] represent (ђе molar concentrations 


Map ose Systematic Qualitative Analysis 


of A, B, C and D respectively at the equilibrium point. 
According to the mass law: 


д. “Rate of forward reaction, гу oc[A] [B] 
` Rate of backward reaction, r, oc [C] [D] 


or гу Ку [A] [B] 
rk» [C] [D] 


Капа К, are called the velocity constants. 


At equilibrium, the rates of the forward and backward 
reactions are equal. It means: ry—r, 


1 


Therefore, k, [A] [B], [C] [D] 


ИЛАН [CLIE 
ka [A] [B] 


у Fora more complicated reaction, the law of mass action is 
modified to state that the rate of a 
` portional to the product of the m 
Teactants, each raised to the power 
equation. Thus for the reaction; 


chemical reaction is pro- 
olar concentrations of the 
of its coefficient їп а balance 


"А PnBepC-eqp 
(Ok [А]" [B]^ 
"yk; [С]? [D]* 


Theref . p [CF Юе 
Picus "P ГАЕТЕ 
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Solubility Product 


Insoluble substances like AgCI, BaSO,, РЬСІ,, etc. are in fact 
not completely insoluble when present in aqueous solution. A 
very small amount of these dissolves and is present as ions. 
Further, there exists an equilibrium between the undissolved 
and the dissolved salt. For AECL the equilibrium equation may 
be written as: 


AgCI(s)- AgCl(aq) &Ag*(aq)--CI (aq) 
AgCI(s) & Ag*(ag)-- CI (aq) 


Applying the mass law, 
[Ag*] [CL] 


К AgCI 


[AgCl] is assumed to be constant because of the fact that 
very little of this solid dissolves in aqueous solution (by 
definition). - 


Thus, Kx [AgCI] = Ка = [А 27] [C17] 


The new constant, K,, is called solubility product. The 
solubility product for CaF, may be written as: 


CaF;(s)-Ca**(aq) -ЗЕ (aq) 
K,,-[Ca**] [Е]? 


The different insoluble substances are characterized by 
definite values of solubility product at a given temperature 
(Table 1.2). The value of the solubility product can be calculat- 
ed from. the knowledge of the solubility of the given "insoluble 
substance at a given temperature. 


TABLE 1.2 
Salt Ко Salt Ksp 
^ AgCI 1 x 10-10 Cus &0x 10-2" 
AgBr 5.0x10-" Züs T.0x10-5 
АВГ 8.5x 10-1 HgS 1.6x 1075 


PbCl; 1.7x10-* Cds 1.4x 10738, 
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Common Ion Effect 
Consider the dissociation of a weak acid, e.g., HCN. 
HCN+H,0=H,0* + CN- 


It mean that KITTEN ] has a constant value 
at any given temperature, If HCl- is added to the above 
equilibrium, then the concentration of H,O* is greatly increased. 
Inorder that K, remains constánt, the value of СМ“ should 
decrease and that of undissociated HCN should increase. In 
other words, the above equilibrium will shift. towards the left, 
thereby, reducing the dissociation of HCN. In a similar manner, 
the ionization of HCN is suppressed in the presence of NaCN 
which furnishes a large excess of СМ“ ions, Thus, the dissocia- 
tion of HCN is suppressed in the presence of both Н+ and CN- 
ions. It implies that the dissociation of а weak acid is suppres- 
sed by the addition of a substance capable of furnishing a large 
excess of ions common to either of the ions of the acid. Arguing 
in a similar manner, it can be concluded that the dissociation 
of a weak base, ¢.g., МНАОН will be Suppressed by the addition 
of either NH,Cl or NaOH. This effect is called the common 
ion effect. It may be summarized ас ‘The dissociation of a 
weak electrolyte is Suppressed (reduced) on addition of a 
solution of a strong electrolyte having as ion common with 
that of the weak electrolyte’, 

With the help of the concepts of the solubility product and 
соттоп ion effect we can classify the more common cations 


into six groups which are discussed in detail- іп the Unit on 
identification of cations. 


Complex Ton Formation (Complexation) 


Sometimes it is observed that a precipitate dissolves on adding 
excess of the precipitating reagent. For example, on adding 
ammonium hydroxide:to a solution of copper sulphate the blue 


precipitate of Cu(OH)s dissolves readily in excess of ammonium 
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hydroxide forming an intense blue coloured solution: Thus, it 
follows that the Cu(II) ions react with ammonia to form a new 
species: 


Cu*t--ANH;,&S[Cu(NH3J]* * 
tetraammine Copper (LI) 


This new species formed, is known as a complex ion. 


Transition metal ions (elements of d-block) readily form 
stable complexes because of availability of vacant d-orbitals of 
suitable energy. The complex ion formation is applied for 
separation of Cu * from Cd** and Co** from Ni * by means of 
KCN, etc. 


pH Value 


The acidic or basic character of a solution caa be given in terms 
ofthe H4O* ion concentration of the solution. To express it 
more conveniently, Sorensen suggested the use of the pH scale. 
Thus the pH of a solution.is defined as the negative logarithm 
(to the base 10) of the H3O* ion concentration in mol L~! 


Mathematically, pH —log:o [H;O*] 


For pure water; [H3O*] = 1077 
or, pH —7 


Thus, when the pH is «7, the solution is acidic and when 
it is > 7, the solution is basic (Table 1.3). 


TABLE 1.3 


pH [H50*] Character pH [530+] Character 


0 1.0 Increasingly I 10-7 Neutral 

1 107! acidic 8 10-5 | 

2 10-* 9 10-* 1 

3 107 | 10 10-* | 

4 107 | 11 107! | 

5 107 | 12 102% Y 

6 107* Y 13 Tires Increasirigly 
1 107 Neutral 14 10-4 basic 


| 
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The solutions which resist pH change when small amounts 
of acids or bases are added to them are called ‘buffer solutions’. 
They contain a weak acid and its salt with а Strong base (e.g., 


CH;COOH+CH;COONa) or a weak base and its salt with a 
strong acid (e.g., NH,OH--NH;CI).: 


| Let us see how such a solution works taking ап example of 
CH,COOH-—CH,COONa buffer. The species present in solu- 
tion аге: | x 


CH;COOH--H.O = CH;COO-+H,0+ 
CH;COONa = CH;COO- -Na* 


The ionization of acetic acid is very small due to the 
Presence of a large excess of its common ion, ie, acetate ions. 
Thus the buffer solution contains а large amount of unionized 
acetic acid, large amount of acetate ions and a small amount of 
H;O* ions. If a strong acid like HCI is added to this solution, 
. Н+ ions from НСІ will ‘combine with the acetate ions present 
in the solution to form unionized acetic acid. Hence, H30* ion 
concentration (or pH=—log [H3O*]) of the solution remains 
essentially the same as that of the original solution. On the 
other hand, when a Strong base like NaOH is added to the 
buffer solution; OH- ions from NaOH react with H,O* ions 
present in the solution to form unionized water. The decrease 
in the concentration of H,O+ ions is made up by the tendency 
of the acetic acid equilibrium (CH;COOH+H.02CH,COo- 
-FH30*) to get readjusted. Arguing in the same Manner, it can 
be inferred that a mixed solution of NH,OH and NH,Cl will 
resist any change in its PH value on addition of an acid ora 
base.- - 


Oxidizing and Reducing Agents 


Oxidation is апу reaction 


in which an atom or ion lo 
electrons. Reduction is any "Зи 


reaction in Whichan atom or ion 
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gains electrons. Therefore oxidation and reduction may be 
referred as de-electronation and electronation respectively. 
Thus, 


Co**—Co?* 4-1 electron, i.e. oxidation 
As*+—>Asi+ -+2 electrons, i.e. oxidation 
Cu?t—Cu* —1 electron, i.e. reduction 
Fe?*—Fe?* —1 electron, i.e. reduction 


The oxidizing agent is a substance which brings about 
oxidation. It means the substance which picks up electrons is an 
oxidizing agent. In the same way a reducing agent is a substance 
which brings about reduction. It may also be explained asa 


substance which supplies electrons. 
The overall reaction, in which reduction and oxidation are 


coupled, is called redox reaction. For example, 


SFe^*— 5Fe?--5e^ Oxidation 
MnO, --8H*--5e- OMn**--4H. "^ Reduction 


MnO7,--8H*-4-5Fe** 5Fe*--Mn?*--4H40 Redox 


IDENTIFICATION OF ANIONIC RADICALS 


THE anions cannot be divided into groups in the same 
Systematic way as the cations are divided. However, the acidic 
radicals or anions may be divided into three following groups: 


l. Dil. sulphuric acid group This group includes the 
"following radicals: 


-Carbonate, sulphide, sulphite, thiosulphate, nitrite, acetate 
and cyanide, 


2. Conc. sulphitric acid group This group includes 
following radicals: 

Chloride, bromide, iodide, 
citrate, and chiorate, 


the 


fluoride, nitrate, oxalate, tartrate, 


3. Anions not covered by dil. or cone. sulphuric acid This 
group includes the following radicals: 


Sulphate, phosphate, borate and chromate or dichromate. 


The anions given їп the above classification will be syste- | 
matically studied in the following pages. | | 


І. Action of Dil. H,SO,. Treat about 0.2 to 0.3 g of the 
mixture in a test tube with 2-3 mL of dil. H3SO,. Note the 


| 
| 
reactions in the cold and then warm it gently. Identify the | 
gases evolved and refer to Table 2.1. | 


Va v | 


(CH,COOH) 


red colour appears. 
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TABLE 2.1 
Dilute Sulphuric Acid Test 
S.No. Observation Test Inference 
p Brisk effervescence The gas (CO;) when Carbonate 
in the cold with passed through lime СО»? 
the evolution ofa water turns it milky 
colourless and odour- due to the formation 
less gas (CO,) 6f CaCO,. However, 
if éxcess of this gas 
is passed, the milki- 
ness of line water 
disappears due ‘te 
the formation of 
soluble Ca(HCO;),. 
3: Evolution of a (а) The gas (HsS) — Sulphide Sè- 
coloutless gas having turns lead acetate 
a smell of rotten paper black 
eggs (HS) (b) The gas (H,S) 
also turns alkaline 
Sodium nitroprus- 
side paper purple. 
3. Effervescence The gas (SO:) turns _ Sulphite SO,2- 
acidified potassium 
dichromate paper 
green. 
4. Effervescence and Acd a few drops 
in addition {о this of ferric chloride Thiosulphate 
reacting solution solution, a violet $,0,?- 
becomes white chang- red colour which 
ing to yellow. soon fades away. 
5. Alight brown gas (а) The gas (NO) . NitriteNO,- 
evolves, turns ferrous sul- у 
phate solution black 
(b) The gas (NO) 
turns acidified KI- 
‘starch blue. 
6. Colourless gas with Add neutral ferric Acetate 
vinegar like odour chloride solution. A... CHICO O- 
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i Evolution ofa colour- The gas (HCN) Caynide CN- 
less gas having a smell — turns brown suspen- 
of bitter almonds sion of CuS on filter 
E (HCN). | paper to colourless, 


d 407 I8 PIT EIN E LEN ЕР. 

Notes 1. Dissolve 0.2 g of CuSO, in 100 mL of water and adda few 
AC drops of NH,OH. Pass H,S gas through it. The final solution is called = 
Te Suspension of CuS. — . 


2. 1f. the mixture contains lead, the dilute acid test should be repeated 
with dil. nitric acid, 

3. Many sulphides like antimony sulphide do not give H,S gas with 
dil. acid. In such cases the gas is evolved on heating with conc. hydro- 
chloric acid alone. 


4. Some basic carbonates, e.g. of Bi and Pb do not evolve CO, with 
effervescence but gradually. 


CHEMISTRY FOR THE TESTS OF ANIONIC RADI. 
_ CALS OF DIL. SULPHURIC ACID GROUP 


1. Carbonates When t 
nates decompose; 
CO; gas. 


reated with dil. H.SO,, all carbo- 
causing effervescence due to the evolution of 


Za 


Ма,СО, +Н,80,—Ма,50, + H,O TCO, 


This gas when passed through lime water turns it milky due 
to the formation of solid calcium carbonate, 


Ca(OH),+Co, >CaCo, 
(lime water) (milky white. ppt.) 
lf excess of. CO, gas 


sca ; is passed through this lime water, the 
milkiness disappears Owing to the formation of soluble calcium 
- bicarbonate. 


Сабо, -H,0-1 CO, 56а (HCO,), 
(soluble) 


2. Sulphides’ When treated with dil. H$SO., all sulphides 
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evolve H,S gas which is a colourless gas having a characteristic 
odour of rotten eggs. 


MS+-H,SO,—-MSO,+H.S (where M=bivalent 
dilute metal) 


This gas turns lead acetate paper black due to the formation 
of black lead sulphide. 


(CH,COO);Pb-++H,S—PbS+CH;COOH 
(black) 


This gas also turns alkaline sodium nitroprusside paper 
purple due to the formation of Na,Fe(CN);NOS. 


Na,Fe(CN);NO +2NaOH+H,S—Na,Fe(CN);NOS-+2H,0 
(purple) 


3. Sulphites When treated with dil. H,SO,, all sulphites 
decompose to evolve SO, gas. This is a colourless gas having 
characteristic smell of burning sulphur. 


MSO;1-H;S0,— MSO,--SO;--H,O (M=bivalent 
metal) 


This gas turns potassium dichromate paper green due to thc 
reduction of Cr(VI) to Cr(HI) ions. ` 


К,Сг0: +Н,80,4-350,-Сг.($0,) 4-KS$0, +H20 
(green) 


or Cr,0;?-4-2H * 4-380,—2Cr* 4-380477 +-H20 
, (green) 


4. Thiosulphates When treated with dil. H5SO;, all thiosul- 
phates decompose to evolve SO; gas and give a ppt. of sulphur. 


М№а;5:0; +H,SO,>Na,SO,+H20 +80,++8 
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5. Nitrites When treated with dil. H,SO,, nitrites decom- 
pose to evolve nitric oxide gas which reacts with atmospheric 
oxygen to yield reddish brown fumes of nitrogen dioxide. 


NaNO;+H;SO,>NaHSO,+-HNO, 
3HNO;—HNO;--H;O-4-2NO 
2NO--O,—NO,; 
(air) 


The nitric oxide gas turns ferrous sulphate solution 
brownish-black due to the formation of [Fe(H50)5NO]SO,. 


FeSO, МО -5H,0— [Fe(H;O);NO]SO, 
(brownish-black). 


The nitric oxide gas also liberates iodine from KI of KI- 
starch paper which becomes blue due to the formation of 
absorption complex. 

2KT+2NO+-0,->2KNO,-+I, 
(air) x 
I, +Starch—Strach-iodine adsorption 
complex (blue) 

6. Acetates When treated with dil H 

compose to form, acetic acid. 


2CHyCOONa +H,SO,->Na,SO,+2CH,COOH 


1SO,, acetates de- 


„This acetic acid reacts with ferric chloride solution to form 
red colour of ferric acetate, 


& 3CH;COOH + FeCl, Fe(CH;CO0),+3HCI 

а : (red) 
7, Cyanides When treated with dil. H:SQ,, 
decompose to:give HON- је 
smell of bitter almonds, 


wi cyanides 
Bas, This is а colourless gas having 


2NaCN-FH4SO,--Na$0,--2HCN 


(HEN is an extremely poisonous 


inhaled.) gas and should never be 
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Асііоп of conc. HSO; Treat. about 0.5 g.of mixture im a 


dry test:tube with 2-3 mE of conc. H;SO,. Note the reaction in 
cold and then heat it gently. Identify the gases evolved with the 
help of Table 2.2. 


TABLE 2.2 


Concentrated Sulphuric Acid Test 


S. Observation Tests Inference 

No. 

1. -Colourless pungent smell- When a glass rod dipped іп. Chloride 
ing gas which fumes in NH,OH is placed overthe | Cl- 
air. mouth, of. the. test tube, 

dense white fumes, due, to 
the formation of. NH,CI 
are obtained. 

2. Reddish-brown heavy (а) The brown fumes (Br;  Brom'de 
fumes; the evolution of turn starch paper yellow. ^ Br- 
fumes increases on adding (b) The brown fumes (Br;) 

MnO» turn flaorescenc paper, red. 

3. Violet vapours of iodine, The violet vapours (L) Iodide I~ 
the evolution of vapours turn starch paper deep 
is increased on adding blue. 

МпоО,. 

4. Colourless pungent smell- The glass rod. moistened Fluoride. 
ing gas with greasy drops with water is brought in F- 
in the test tube. contact with the vapour . 

(HF), a waxy deposit is 
obtatined on glass rod. 

5. Light brown fumes which The brown fumes (МО; Nitrate 
increase on. heating the _ turnferroussulphate solu. МО" 
reaction mixture with, — tion black. З 
соррег ‘chips’ or paper pel- 5 
lets. 4 4 

6. Colourless gas which The gas turns lime water Oxalate 
burns with а. pale, blue milky. со 


flame, 
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7. Colourless gases (CO, (a) The gas (CO) burns with — Tartrate 


CO, and SO; occurring ^ pale blue flame. C,H,0.2- 
rapid charring and smell (b) The gas (SO;) turns aci- 
of burnt sugar. ` dified dichromate paper 
green. 
8. Colourless gases (CO, CO, As above Citrate 
and SO.) and occurring C«4H4,02- 


slow charring. The solution 
darkens slowly. 


9. Evolution of yellow gas On warming the solution Chlorate 
^ with smell of Cl; gas in cracking sound is heard, СТО“ 
cold. 


Notes 1. As soon as the test is complete, one should not throw соп- 
tents directly into the sink. Cool the tube, dilute with water and then 
throw into the sink. 


2. Never heat the contents of the test tube to boiling because otherwise 
H,SO, will decompose to liberate SO, that makes the identification of 
other gases quite difficult. 


CHEMISTRY FOR THE TESTS OF ANIONIC RADICALS 
OF CONC. SULPHURIC ACID GROUP 


1. Chloride’ When treated with conc. H.SO,, chlorides 
yield HCI gas. 


NaCl+-H2SO,>NaHSO,+HCl 


With ammonia, HCI gas gives dense white fumes due to 
the formation of NH,CI | 


NH;4-HCI—NH,CI 
The gas turns moist blue litmus paper red. 


2. Bromide When‘ bromides are heated with conc: HSO, 
reddish brown fumes with a penetrating odour are evolved duc 
to the formation of a mixture of HBr and Вг». 


KBr+H.SO,>KHSO,+HBr 
2HBr--H,SO,—Br.--80,--2H,0- 
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The evolution of brown fumes with MnO, increases due 
to the formation of excess bromine from the oxidation of HBr 


with MnO». 
MnO,+2HBr+H2SO,>MnSO,+2H20+Brz 


When a paper dipped in starch is brought over the mouth 
ofthe test tube from. which brown fumes are coming out, it 
turns yellow owing to the formation of я вае 


tion complex. 


Br,-+Starch->Starch-bromide adsorption complex (yellow) 


3. Iodide When iodides are heated with conc. Н,50,, 
violet vapours of iodine evolve. Some HI is also produced but 
most of the HI reduces the sulphuric acid-into 50,, HS and 


sulphur. 
KI4-H;SO;—^KHSO;--HI 
H,SO,+2HI—1,+S0,4+-2H,0 


H,SO,+ 6HI3I; -S--4H;O0 4 
H,S0,4-8HI—4L 4-H;S--4H,O 


By adding MnO, in the test tube containing the mixture and 
conc. HSO, the evolution of iodine, vapours is increased 
because the HI formed decomposes readily. 


MnO,+H,S04+2HI> Mn50,1-2H;0 -+12 


When a paper dipped in starch is brought over the mouth of 
the test tube from which violet vapours are coming out, it turns 
blue owing to the formation of starch-iodide adsorption complex. 


I, t Starch-»Starch-iodine adsorption complex (blue) 


4, Fluoride When fluorides, are heated, with cone. Н.50ь 
pungent smelling gas, HF evolves. The gas reacts with silica to 
form SiF, which further reacts with water to give a mixed 


deposit of На! О, and Н; SiR OE haa: SIRE оу 
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CaF,--H;S0,— CaSO,2HF 
SiO,4+4HF-SiF,+2H,0 
3SiF, -4H;0— H,SiO,--2H;SiF, 


5. Nitrate When nitrates are treated with conc. H;SO,, 
‘they yield light-brown vapours of nitrogen dioxide which are 
produced due to the decomposition of nitric acid formed first. 


NaNO, +H,.SO,>NaHSO, -FHNO; 
4HNO0;-—4NO;4-O;--2H,0 


:By adding copper turnings or paper pellets in the. test tube, 
the brown colour deepens because the nitric acid formed 
decomposes readily, 


Cu--4HNO;— Cu(NOy); -2М0,+2Њ,0 


3Cu--8HNO;- 3Cu(NO,),--2NO--4H,O 
2NO+0,->2NO, 


C+4HNO;—>2H,0+4NO,+CO, 
(from paper) 


When brown vapours of NO, are passed through acidified 
ferrous sulphate, the latter reduces the nitrogen dioxide to 
nitric oxide. This oxide is then absorbed by the unoxidized 
portion of ferrous sulphate to give a brownish black solution. 


2FeSO,-FH;80,-NO;— Fe:(SO;),--NO-:H;O 
.FeSO,--NO 3-5H,0— [Fe(H :0)5№ОЈЅО, 
(brownish black) 


6. Oxalate When oxalates are heated with conc. H;SO,; 
the colourless.and, odourless gas evolved by their decomposition 
is a mixture of CO and СО, While CO, turns lime water 
milky, CO‘burns with a blue flame. 


noxam Na4C$0,-- H380, CO--CO;--H,O--Na:SO, 
СО; Ca(OH),— CaCO;--H;O 
2CO--0O,—2CO, 
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7. Tartrate When tartrates‘are heated with conc. H5SO,, 
the colourless and smell of burnt sugar-like gas evolves with 
rapid charring. 


CH(OH)COOK à 
80 > K,SO,--2H50-H4CO,--CO-F2C 


CH(OH)COOK 
8. Citrate When citrates are heated-with. conc. H3SO,, the 


colourless gas with slow charring evolves. The solution darkens 
slowly.due to:the-liberation of CO, CO, and: some '80;: 


2 Ма СНО; +3980;-> 2H3CsH50; + 3Na4S0, 


citric-acid 
T CHCOOH 
C(OH)COOH —CO-FH;OTCO 
CH4COOH CH;COOH : 
acetone dicarboxylic acid 
у а 
со — CH;COCH;--2CO, 
| acetone 
CH,COOH 


9. Chlorate When chlorates are treated with conc. Н,80,, 
a yellow gas having smell similar to Cly:evolves'incold and gives 
cracking sound on heating. 


3KCIO; + 3H,SO,—2CIO;--HCIO,-4-3KHSO, J-H,O 


Action of acidified potassium permagnate Take about 
0.2-0.3-g-of the mixture in a test tube. To this add 3-4 mL “of 
dil. H,SO,.. Boil. the solution gently till no. more. gas. evolves. 
Cool the reaction mixture {о room temperature and add 2.3 
mL of dil. sulphuric acid followed.by. potassium permanganate 
solution drop by drop till pink colour persists. Now heat and 
note if further .decolorization ; occurs. or..not. Also, . look» for 
the.evolution of gas or vapour.. Draw the appropriate inference 
by using Table 2.3. 
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"TABLE 2.3 - 
Acidified Potassium Permanganate Test 
5. No. Observation Test Inference 
M  — Decolorization of pota- 
ssium ‘permanganate in 
cold accompanied by 
evolution of pae as 
follows: 
(i) Evolution оѓ chlorine The gas has а сћага- : Chloride 
gas having pale-green- — cteristic smell and СІ- 
ish colour bleaches litmus paper 


(ii) Evolution of reddish- 
brown bromine gas 
(the solution in the 
test tube becomes red- 
dish brown) ` 

(ii) Evolution of violet 
iodine yapours 


2. Pink colour of КМпо; 
is discharged in cold 
without the evolution of 
any gas 


3. Pink colour of KMnO, 
is discharged on heating 
with brisk effervescence 
айе to the évolution of 
CO; gas 


.4. Pink colour of noe 
: is'not discharged at all. 


The gas turns starch Bromide Br- 
Paper yellow 


The vapours türn Iddide I- 
starch paper blue 
—— Ferrous ion 
Feti 
The СО» gas turns Oxalate 
lime water milky C:0,°- 


Oxalate, chlo- 
ride, bromide 
and iodide 
are absent 


CHEMISTRY FOR THE TESTS OF ACID RADICALS 


СТЕ, Br", , r AND СОС 


WITH ACIDIFIED POTASSIUM 


PERMANGANATE 


^ "The potassium permanganate test is useful in the detection 


“of chloride, bromide, iodide, ferrous (Ее?) and Oxalate radicals. 
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In the presence of dil. sulphuric acid, potassium permanga- 
nate acts as an oxidizing agent due to the liberation of nascent 


oxygen. a 
2KMn0, 73950, K,S0,--2Mn$O, -3H;0 -5(0) 


The nascent, oxygen is able to oxidize chloride, bromide, 
iodide, ferrous and oxalate ions and in the process the pink 
colour of potassium permanganate gets discharged. In addition, 
the characteristic gases also evolve in many cases. These 
observations provide useful indication about. the presence or 
absence of radicals. | ; 


cold 

CaCl,--H,SO,4--(0)-» CaSO,4-H30 4-Cl, 
cold 

2KBrs-- HaS044-(O)— K5S0,4--H40 +Вга 
cold 

2Nala4-H;SO,4-(O)— Na, SO, -H30--Ig 
cold 

свео, -Н,80, +(0)-—>Ее (80) -Н,0 


COONa hot 
| ++H,SO4-+-(O)->2CO,+Na,SO,+H,O 
COONa 


Notes 1. Heavy metal chlorides decolorize acidified КМпо, 
very slowly. r 


2. The order of oxidation by acidified permanganate solu- 
tion is iodide, bromide, chloride, ferrous and oxalate radicals. 


Other anions not covered by dil. or conc. H,SO, There 
are certain anions which do not give any useful reaction either 
with dil. or conc. HSO, For such radicals, certain other 
reagents are employed. These are described in Table 2.4. 


Ze. Mor — 16474: 
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-uhiki | TABLE 2.4 
Preliminary Tests for Sulphate, Phosphate, Borate and Chromate 


S Experiment Observation Inference 


1,- Take 015 g of the: mixtüte. | A white ppt..of BaSO,. Sulphate 
in atest tube. To thisadd; — is obtained which ig SO,?> 
2-4.mL of dil. НСІ, Boil insoluble in conc. HCI 

| the contents fo expel all or conc; HNO, 
the gases. Filter and to the 

' fliate add" Васі; solu: 
tion. 


2. Take 0.5 g of the mixture A yellow ppt. or colou- Phosphate 
in a test tube. To this add Tation due to the PO,*- 
3-4 mL of conc. HNO, formation of ammo. 
and ammonium molyó- nium phosphomolyb- 
date solution. date is obtained. 


3. Take 0.5 g of the ‘mixture А green edged'flàme is Borate 
in a china dish. To it add Seen: BO,?- 
3 mL of H,SO, and 2 пу, 
of ethyl alcohol. Heat the 
china dish and ignite the 
vapours over the ching: 


dish. 

4. Mix OS of the: mixture’ A yellow рр 18 9btai- ^ Chromate 
with 0.5 g of sodium chlo- ned, CO- or 
ride. To this add 3 mL of Dichromate 
conc. H,SO,. Heat the Спол- 
mixtüte gently. ‘Deep’ red: 


Vapours аге obtained. 
Pass these vapours into 
NaOH solution Contained 
‘ina test tube, A yellow. 
solution” is: “obtained: 
Neutralize it with dil. 
acetic acid and add lead 


acetaté solution, 
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CHEMISTRY FOR THE. TESTS.OF-AGID-RADIGCABS,,.. 
50,2, РО,2-, ВОз?- and Стол or CrgO,?- (TABLE 2.4) 


1. Sulphate When the mixture is boiled’ with dil: HCI, 
carbonates; sulphides апа sulphites are decomposed and für: 
ther addition of dil. HCl ensures that the solution is ‘sufficiently 
acidic so that only barium sulphate is precipitated. 


Ba*?*--SO,?-— BaSO, 
(white ppt} 


2. Phosphate When а mixture‘ Having phosphate’ is-boiled' 
with nitric acid followed by the'addition: of ammonium molyb« 
date, a yellow coloration or ppt. due to the formation: об 
ammonium’ phosphomolybdate is obtained: 


Na,HPO,+12(NH;)sMoO,+-23HNO;> 
(NH,,PMo;,O,o--2NaNO, 2 ENH,NO;-ID2H,O- 


3, Borate, The-test given. in Table 2.4 is. based. on.the forma- 
tion, of. volatile- ethylborate which burns with)a. green-edged: 


flame. 


H3BO; + зС,Н;он-(С,Н»)ВО+ 3H,0 


4. Chromate ог: dichromate When а mixture having chro- 
mate or dichromate is mixed’ with sodium ‘chloride! and» heated" 
with cone. sulpliurio'acid, chromyl chloride gas evolves: The'gas 
is passed into sodium hydroxide. It gives: yellow ‘solution де (о 
sodium chromate formation. Chromate gives yellow ppt. of lead 
chromate with lead.acetate. 


ANaCl+K,Cr,07+3H,SOa> 
K,SO,+2Na,SO,+3H;0 +2CrO,Cl, (red vapours) 
CrO:Cl--4NaOH->Na,CrOi+ 2NaCl+ 26,0: 
(yellow: soIn.) 


Na,CrO,-+Pb(CHsCOO)s> РЫСгОг-СН:СООМа 
(yellow: ppt.) 
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Identification of Acidic Radicals by Wet Tests 
ВЕНА: a 

Tests indicated in the preliminary tests do not give very 
conclusive information. Hence, wet tests are to be performed 
for the confirmation of such anions which may or may not be 
indicated by preliminary tests. These anions must be free from 


heavy metal ions. 


Preparation of Solution for the Wet Tests of Acidic Radicals 


It is evident that the first step in the detection of acid radicals 
by. wet tests is the preparation of the solution of the mixture. 
While some mixtures, may be quite soluble in water whereas 
others may be partially soluble or completely insoluble in water. 
Thus, depending upon the solubility of the given mixture, we 
may prepare the aqueous solution or sodium carbonate extract 
for carrying out the wet tests, 


{п Preparation of water extract Аз айй common: nitrites and 
nitratés are solüble in water, the confirmatory tests for such 
anions can be performed with the water extract of the mixture. 


In order to prepare the water extract, boil 1-2 g of mixture 


with, 10-20 mL of distilled water for two or-three minutes. If the 


mixture dissolves,completely, add. more of the mixture in small 


quantities to obtain a concentrated solution. The solution so 


obtained is called а “‘water. extract.” 


2. Preparation of sodium carbonate extract ТЕ the mixture 
under examination is partially or completely insoluble in water, 
sodium carbonate extract is prepared, 


In огдег (о prepare sodium carbonate extract, mix intima- 
tely about 1-2 g of the solid mixture Powder with 3-5 g of pure 
NaCO, powder. Place this mixture in a 50 mL china dish. 
Add about 20-25 mL of distilled water and boil for аё least 10 
min [Fig. 2.1 (a)]. Filter ‘and wash’ the residue upon the filter 
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paper with a little hot water. The filtrate’ so obtained is called 
sodium carbonate extract or soda extract [Fig. 2.1(b)]. 


SALT MIXTURE + SODIUM CARBONATE 
PURE Na СО; + EXTRACT 
DISTILLED WIER 


Fig. 2.1. Preparation of sodium carbonate extract. 


Explanation Certain cations interfere with the confirmatory 
tests of certain acid radicals when present in the solution. Such 
cations are eliminated in the form of insoluble carbonates as a 
result of treatment with sodium carbonate. These insoluble 
carbonates are removed by filtration. 


МА, -NaCO,7- MCO;--2NaA4 
Examples Са РО) -3Na,CO, 3CaCO; +2Ма РО, 
(ppt.) (soln.) 
CaSO; -+NasCO3->Na,SO3+CaCOs 
(soln.) (ppt.) 


The filtrate containing sodium salts of acid radicals, will be | 
used for identifying the various acid radicals, while the insoluble | 
residue may be used for the identification of basic radicals. 
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. How. to. use. sodium: carbonate extract, Sodium. carbonate 
extract contains an.excess.quantity, ог. unreacted sodium carbo- 
nate which may interfere in the usual tests of acid radicals. 
Therefore, it becomes essential to destroy excess sodium carbo- 
nate. This is done by acidifying the extract with some acid 
(the choice depends upon the nature of the acid radical to be 
tested) and then. boiling offthe carbon dioxide. It is cooled 
and used for carrying out the various tests. 


Notes 1. Pure sodium carbonate should be used. “Analar” 
ot A.R. grade sodium carbonate is highly satisfactory. Ordinary 
sedium carbonate contains chloride and sulphate as impurities 
and. responds to tests for these anions. As a consequence, 
misleading results-are-obtained. 


2. A few salts such as phosphates of Fe?* and AI; 
sulphides of Zn*', Ca**, Sb** and a few fluorides are not 
decomposed on boiling with sodium carbonate solution. Hence, 
these anions are not present in the “sodium carbonate extract", 
their confirmatory tests must Бе performed with. the. residue or 
mixture. — 


3. Some cations such as Cu?*, As** and. $Ь2+ form soluble 
complexes with sodium. carbonate and hence these cations partly 
80 into the sodium carbonate extract. These should be prefera- 
bly removed by acidifying extract with dil, НСІ and passing 
HS gas. Excess of H,S can be eliminated by boiling and then 
the solution can be tested for various anions except СІ- and S?-. 


4. If ammonium is present in, the mixture it. must be expelled 
completely because it tends to complex copper, cadmium, nickel, 
etc. into the soluble ammine which 8oes into the filtrate. 


5. Some of the'cations like As*+, БЫ, Sn?+, etc, partly go 
into the filtrate due the amphoteric nature of the parent metals. 
These: should: ђе completely. removed. by. adding. dil. НС! 
followed. by. Passing, H.S gas-and, rejecting the precipitate. H,S 
is boiled: off from the filtrate, 


Identification of Anionic: Radicals 27. 


6. Sometimes tartrate and oxalate; form soluble. complexes ` 
with certain cations like Cu**, Fe**, Cr** and AI** and these go 
into the sodium carbonate extract. Remove copper by passing- 
HS. Boil off. H,S. from the filtrate and render it. ammoniacal. 
A precipitate is formed due to the hydroxides of the iron, 
chromium. or. aluminium. Reject the ppt. and expel-ammonia, 
from: the: filtrate: by boiling: Use the resulting:solütiomfor-the 
detection of anions. 


Confirmation ој carbonate and bicarbonate Take 0.5 g of 
the mixture in'a test tube containing 4-5 mL of distilled water. 


Warm and Filter. 


Filtrate ` Residue 


Filtrate may contain soluble carbo- Residue may have insoluble 
nate. Divide the filtrate into two carbonate. To this add dil. HCI. 
portions: _ ~ Ae-brisk, effervescence: with: the · 
(a). То: part I, адф dil. “НЄ. A evolution. of СОг: which. turns 
brisk effervescence-due.to.the lime water milky. confirms 
liberation of GOs which. turns carbonate. 
lime.water milky indicates solu- 
ble carbonate or bicarbonate 


CO,'-+-2H*+H,0 + CO: CO;*--+-2H*+H,0+ CO, 
HCO;-+H*-+H,0 + COs ; у 


It no ppt. appears. imcold, heat 
it to. boiling. Formation of 
white ppt. confirms bicarbonate 


Mg*t--2HCO;- -Mg(HCO) , 
Mg(HCO;).—MgCO;--H10 CO; 


To part II, add MgSO, solu- 
tion. If a white ppt. is obtained ~ 
in cold, it confirms carbonate 


(Б 


№ 


Mg*++-CO,?- >MgCOs 
(white ppt.) 
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Experiment 


"То 1 mL ов sodium carbonate 
extract, add a few drops of 
freshly prepared sodium nitro- 
prusside solution. 


Acidify 1 mL of sodium carbo- 
nate extract with dil. acetic acid 
and boil the solution to expel 
COs. To this add 1 mL of lead 
acetate solution. 


Shake 2 mL of sodium carbonate _ 


extract with 0.2 'g о шиш 
carbonate. 


Observation 


The formation of violet or 

purple coloration. confirms sul- 

phide 

Nas;S-- Na;Fe(CN);NO—- 
Na,Fe(CN);NOS 
(purple of violet 
colouration) 


The formation of black ppt. 
(PbS) confirms the presence of 
sulphide. 
NasS+(CH2COOsPb—> 
PbS--2CH,COONa 
(black ppt.) 


The formation of yellow ppt. 

(CdS) confirms the oo of 

sulphide. 

NaiS 4-CdCOv++ CaS 4-NaiCO, 
“(yellow ppt.) 


Confirmatory Tests of Sulphite 


ioe ho Mw РРА ПЕВА прав навести на 


Experiment 


' Observation: 


To 5 mL of sodium carbonate 
extract, add excess of BaCl,. The 
precipitate formed may be due to. 
- sulphite, sulphate or excess: of 
sodium carbonate present in the 
solution. 


Na;SO;-- BaCl,—-BaSO; 4-2NaCIl 
(ppt.) 


Filter the ppt. and divide the ppt. 
into three equal parts; 
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(a) То part 1, add dil. HCl 


(b) То part ЇЇ, add a few drops of 
-potassium permanganate solu- 


tion followed by the addition ` 


of 3 mL of dil. H:SO, 


(c) To part III, add bromine water 
and warm the solution 


29 


If there is evolution of SO, 
which turns acidified dichro- 
mate paper green, it confirms 
sulphite. 


BaSO;+2HCl— 
BaCh--H;O0-- S0; 


K3Cr;0; +4H2SO,> 
K3S0,-- Crs(SO;)s --4H30 -3(0) 


SO;--H;0-4-(0)—H:SO, 
If the pink colour of the per- 


manganate is discharged, it 
confirms sulphite.: 


BaSO;4-H:80,.- 
BaSO,+H20+SO2 


KSO, + 2MnSO,+2H2SO, 
(colourless) (colourless) 


If sulphite is present, the colour 
of bromine gets discharged and 
a white ppt. (BaSO,) insoluble 
in acids is obtained 


BaSO;--Brs4-H;0— 
1 BaSO,+2HBr 


‚ ppt.) 


Confirmatory Tests of Thiosulphate 


Experiment 


4, Add 2-3 mL of silver nitrate 
solution to 1 mL of *water ex- 
‘tract” or ‘sodium carbonate 
extract’ which 18 already 
“neutralized with dil. acetic 
“acid, _ 


Observation 


Appearance of white ppt. turning 

yellow, orange, brown and finally 

black in quick succession confirms 

thiosulphate 

Маг5,0, +-2АВМО > 
Ag3810;--2NaNO; 


132 


4. Take a small quantity of the 
. mixture and oxalic acid on 


the palm and moisten it with 
water and then rub between 
- the thumb and the fore-finger. 
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If vinegar smell is given out, it 

confirms acetate. 

2CH$,COONa 4-H;C;0,—- 
Na,C,0,4-2CH;COOH 


Note 2,4-Dinitrophenylhydrazine can be prepared by dissolving 0.25 g 
solid. 2,4-dinitrophenylhydrazine in a mixture of 42 mL of conc. HCl and 
50 mi. of water by warming ona water bath, then diluting it to 250 mL 


with water, 


Confirmatory Tests of Cyanide 


Experiment 


Observation 


1. Neutralize 2 mL sodium carbo- 
nate extract with dil. acetic 
acid and add a little yellow 
ammonium sulphide solution. 
Evaporate the solution to dry- 
ness in a china dish. Acidify 
the solution with dil. на! and 
"ада few drops of FeCls. 


2. Acidify 2 mL sodium carbonate 

extract with dil. acetic acid. 

“ Add NaOH solution and 

FeSO, solution, now boil the 

solution and add: dil, на! 
followed by FeCl, solution. 


3. Place a drop of the suspension 
of Си$ on filter paper. To this 
add a drop of sodium carbo- 


nate extract. 


A blood red colour appears, it 
confirms cyanide. 
CN--H(NHjS S SCN---(NH,);S 
Fe**--3SCN- = Fe(SCN)s 


A. blue coloration or ppt. con- 
firms cyanide. 


ТЕ the brown colour of CuS dis- 
appears, it confirms cyanide. 
2CuS+10NaCN-> 


‚ 2Na,Cu(CN), +2М15 4-(CN)s 


This test can be carried out.in the presence of Вг-, 1-, Fe(CN),!- 


and Fe(CN).°-. 


Note Dissolve 0.2 в of CuSO, in 120 mL of water. To this add a 
few drops of ammonia solution. Pass HaS gas through it. The final 
solutionis called suspension of éopper sulphide, 
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Confirmatory Tests of Chloride 


Experiment 


Observation 


Acidify 2-3 mL of sodium 
carbonate extract with 
dil. HNO». Boil the 
solution to expel CO2. 
To this add silver nitrate. 
solution. 


Take 0.2 g of the mixture 
in a dry test tube. To 
this add a pinch of 
manganese dioxide and 
2-3 mL of conc. H;SO.. 
Heat the test tubs. 


Chromyl : chloride — test 
Take 0.5g of the dry 
mixture in a dry test 
tube. To this add 0.5 g 
of powdered КаСљОг 
and 2 mL conc. HsSOs. 
Heat the tube and pass 
the red vapours of chro- 
ту! chloride through 
dil. NaOH solution. 


Sodium arsenite test 
Acidify 2-3 mL of sodium 
carbonate extract with 
dil. HNO, Вой the 
solution to expel. CO; 
and add AgNOs solu- 
tion. 


If a white ppt. is obtained, this con- 
firms chloride provided it 15 soluble in 
ammonia but insoluble in conc. HNO.. 
АМО + NaCl--AgCI-- NaNO, | 
à (white ppt.) 
AgCI --2NH;-» [Ag(NH;),]CI 
(soluble) 


Evolution of greenish yellow gas having 
a pungent irritating odour which turns 
moist starch iodide paper blue confirms 
chloride. 
MgCl» --H:S04-- M50, 4-2HCI 
MnO:--H:S0,—MnSO4 4-H;O - (O) 

2HCI4-(O)- H:04-Cls 

(greenish yellow gas) 


If a yellow solution is obtained, acidify 
this .with acetic acid and add 1-2 mL of 
lead acetate solution. The formation of 
a yellow ppt. of lead chromate soluble 
in NaOH confirms chloride. 
4NaCl+K2Cr207+3HsSOi>K2SO.+ 
2NagSO1+3H20+ 2CrO:Cly 
(red vapours) 
CrO.Cla+4NaOH >NazCrOs+2NaCl+- 
(yellow sol.) 
2H:0 
NazCrOu+(CHsCOO)2Pb->PbCrO, + 
(yellow ppt.) 
2CHsCOONa 


A white ppt. obtained is treated with 
sodium arsenite solution when forma- 
tion of a yellow ppt. confirms chloride, 
itk РАИ tae i ee ee 
(yellow ppt.) - 


дай 


САГО 9 
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Notes (1) Chromyl ‘chloride test fails in such mixtures which contain 


heavy metal chlorides like HgCh, HggCla, SnCl:, AgCI, 


cases, the test can be performed from 


etc. In such 
the residue obtained after evaporat- 


ing 10 mL of sodium carbonate extract in a china dish. 


(2) The mixture which contains iodide does not respond to this test. In 
such cases, only the liberation of chlorine will occur which confirms the 


presence of chloride. 
(3) This test serves asa distinctive 


test for chloride because silver bro- 


mide and silver iodide are not affected by sodium arsenite solution. 


Confirmatory Tests of Bromide 


Experiment 
1... Acidify 2-3. mL of sodium carbo- 
nate extract with dil. НМОЗ. 
Boil off СО». То this add 
AgNO; solution. 


Neutralize 2 mL of sodium 
carbonate extract with dil. НСІ. 
Boil off CO;. To this add 2 mr 
of C$; or CCl, or СНС. Then 
to this add chlorine Water drop 
by drop and shake. 


2. 


Heat 0.5 g of the mixture with 
0.5g of MnO, and 3-4 mL of 
| conc. H3SO.. 


Observation 


The formation of a light yellow 
ppt. sparingly soluble in dil. am- 
monia confirms bromide. 

NaBr + AgNO;—-AgBr-- NaNO; 
(light yellow ppt.) 


The formation of yellow or 
orange colour in organic solvent 
' confirms bromide. 2NaBr+- 
Cli>2NaCl-+ Bra; Brs-F CS2; 
Orange colour in CS» Jayer. 


Brown vapours of bromine are 
evolved. which turn moist starch 
paper yellow. This confirms, bro- 
mide... 2KB. --H1S04 K980. + 

.. 2HBr; MnO,-+H:SO.->MnSO.+- 
H30--(0); 2HBr-4-(0)H:O Bra 
(brown vapours) 


Confirmatory Tests of Iodide 


Experiment 

1. Neutralize 2 ‘mL’ of sodium 
carbonate ‘extract with dil. 
HNOs. Boil off COs. To the 


remainder add AgNO, 
solution, 


Observation 


вооа а ee ee 

The formation of ‘pale yellow 

ppt. insoluble in ammonia solu- 

tion confirms iodide. 

Мат+ АМО, ->АрТ -- NaANO; 
(pale yellow ppt.) 
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2. -Adify 2 тїї, of sodium carbó- 
nate extract with dil. HCl. Boil 
off "СО. To this add, in drops, 
2mL of CS: ог CHCls or CCh 
and chlorine water. Shake the 
test tube. 


3. Heat0.5 g of the mixture with 
0.5g of solid MnO; and 3-4 
mL of conc. H380.. 


3» 


The formation of violet colour in’ 
organic láyer which ‘disappears 
on the addition of excess: of 
chlorine ‘water confirms iodide. 


2Nal+Cls>2NaCl+Io 
Iz+CS2; violet colour in CSz 
layer. 


Сабо >2HI0,-+ 10HCl 


The. formation: of violet vapours 
of iodine which turn starch. paper 
blue confirms iodide. 
о 2KI4-H:S0;-7K58S0i--2HI 
Мао -НАЗО > МПО tO + 
(О); 2HI--(O)--H;0--I« 
7 77 (violet vapours) 


Confirmatory Tests of Fluoride 


Experiment 


Observation 


1. Acidify 2-3 mL of sodium 
carbonate extract with dil. асе- 
tic acid, boil off CO; and add 
CaCls solution. 


2. Take a small amount of the 
Mixture in dry test tube 
and add an equal amount of 
sand and 1-2 mL of conc. 


A white ppt. insoluble in dil. 
#50, confirms fluoride. 
Ca**--2F-—CaFs 

(white ppt.) 


A white waxy ppt. deposits on 
the glass rod confirms fluoride 
SiO. +-4H++-4F7+SiF.+2H20 
3SiF4--4H30— H4SiO, -2HSSiF, 


H504. silicic hydrofluo 
acid silicic 
(white acid 
waxy ppt.) 
FREE UU E UIDI Lo Bod ӘЗ ШУ ша Y Деш LL MES a CEA Bette 
Cónfiramatory Tésts of Nitrate 
Experiment 


1. Diphenylamine Test 
To the water extract (all nitra- 
tes are water soluble) or 


Observation : 


If a blue ring is formed at the 


zone of the: contact ов the. two 
liquids, this confirms nitrate.: 
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sodium carbonate extract (2 2(C«H;); NH-- (0) (СН): 


mL) neutralized with dil. Небо, N(C&H3)a-H;O 
add a few mL of diphenylamine (blue) 
reagent in a test tube. 

2. Ring Test 


To2-3mL of water extract or A brown black ring at the junc- 
2-3 mL of sodium carbonate tion of two layers confirms 
extract neutralized with dil. ^ nitrate. 
9501; add 2-3 mL of reshly © Cu(NOs)2+-H:SO.>CuSO.+ 
prepared ferrous sulphate solu- 2HNOs 
tion. Pour conc. H:SO, slowly — 6FeSO, -2HNO; -3H,SO,.— 
in a thin stream along the ^ 3Fe4(SO,).--2NO -4H;O 

"sides of the test tube (Fig. 2.3). FeSO,--NO-FeSO,.NO 

(dark brown ring) 


SER. 


Test tube kept undisturbed 


Dark ring at the junction 
of two layers 


Nitrate solution + FeSO, 


Fig. 2.3, Ring test for nitrate. 


Notes (1) The ring test fails when nitrite. is present even in traces. 
This happens because nitrite forms a black solution when ferrous sul- 
_Phate solution is added. 


(2) The ring test also fails in the presence of bromide or iodide or both 
—when.present.along with nitrate in the mixture, 


famine 
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Confirmately Tests of Oxalate 


_——————— — ——625— 


Experiment 


Observation 


Acidify 2-3 mL of sodium carbo- 
nate extract with very dil. ace- 


tic acid and boil off COs. To 
this add CaCl, solution. If a 
white ppt. is obtained, dissolve 


it in minimum quantity of dil. 
#50, and to this add a few 
drops of KMnO, solution. 


Acidify sodium carbonate ex- 
tract with dil. acetic acid Boil 
off СО;. To this add ferrous 
sulphate solution. 


If. pink colour is discharged on 
warming, it confirms oxalate. 


соома 
| +CaCle> 
COONa 
ca 
2Ni 
P 7 i асі 
(white ppt.) 


соох +H SO. on 
a +CaSO 
pu T" 
2Mn0,--+6H* + 5H3C304 


-»2Mn?*- +10COg+8H2O 
(colourless) 


If а yellow. ppt. is formed, it con- 
firms oxalate. 
2C,0,?- + Fe** —Fe(Ca04)g* ^ 


Confirmatory Tests of Tartrate 


о ОА ЕГО ОВЕ a Cl MESA NOTET 


Experiment 


Observation 


Neutralize 2-3 mL of sodium 
carbonate extract with dil. acetic 
acid and boil of СО. 
Add NH4OH till it smells of 
ammonia, boil the solution 
from some time to expel excess 
of NHs. 

Take a little AgNOs solu- 
tion in a clean test tube and 
add very dil. NH4OH until the 
ppt. AgiO is nearly, but not 
quite redissolved. 

Mix the two solutions sil 
warm the solution gradually 
nearly to the boiling point. 


A bright silver mirror deposition 
on the inner surface of the tube 


- confirms tartrate. 


2Ag*--20H-—Ag;0--H:O 
5Ag:O-- CuH4O,*7 
10Ag+4CO:+H:0 +20Н7 
(silver 
mirror) 
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2. Neutralize 2-3 mL of sodium А decp:violet or blue colouration 
carbonate extract as above and confirms tartrate. 
add 1-2 drops of saturated 
solution of FeSO, followed by 
the addition of 2 drops of 20 
vol. НгОз and excess of NaOH 
solution and a drop of FeCl; 


solution. 


Confirmatory Tests of Citrate 


Experiment Observation 


1. Neutralize 2-3 mL of sodium А crystalline white ppt. confirms 
carbonate. extract as in. case citrate. р 
of tartrate and ада Сас], solu- = 3Ca**-+2C,H;,O,*-—> 
tion. Boil the solution for Саз(С.Н;О,), 
several minutes. 
Note: In the case of tartrate 
ppt. appears in cold. 


2. Prepare neutral solution of ^ A bright silver mirror is gradually 
sodium carbonate extract as ^ produced. 
above and add AgNOs solu- 
tion. A white ppt. (silver 
citrate) is obtained which is — - 
dissolved in NH4OH. Heat 
the solution at 60°С; no silver 
mirror is obtained. Boil the 
solution. 

Note ïn tartrate silver mirror is readily obtained. 


3. Acidify.2-3 mL of'sodium car- |. The purple colour of KMnO, is 
bonate extract with dilacetic _ discharged and a white.ppt of 
acid and boil off COs. To this HgSO..2Hg0.2CO(CH:COO):Hg 
add 0.5 mL of Deniges Reagent, is obtained. 
boil the solution and ада few 
drops of OIN  KMnO, 
solution. 


This test is very sensitive but the interference is.caused by the prc- 
sence of halides. 


Note Deniges reagent may be prepared by dissolving 1 g of. mercuric 
oxide in 20 mL of water and 4 mL of conc. sulphuric acid; 


Identification of Anionic Radicals 


Confirmatory Tests of: Chlorate _ 


Experiment. 


Observation 


Add 1 mL of conc. H:SO. to 
the water extract or sodium 
carbonate extract (1-2. mL) 
followed by 2-3 mL of aqueous 
solution of aniline sulphate 


Neutralize 2 mL of sodium car- 
bonate extract with dil. HNOs 
and add 1-2 mL of AgNOs solu- 
tion and H:S0; solution 
(NasS0;-- HCl). 


Add zinc dust and. NaOH solu- 
tion into sodium carbonate 
extract, boil the solution and 
remove uncreated zinc. dust. 
Acidify the filtrate with dii. 
HNO; and add AgNOs 
solution. 


Confirmatory Tests of Sulphate 


A + blue colouration confirms 
chlorate. 


A white ppt. confirms chlorate 

NaClO:+3H:SOs > 
mNaCl4-2HsS04 

NaCl + AgNOs>AgCl+ NaNOs. 


A white ppt confirms chlorate 
CIO;- +29 -20H-— 

са (дао ја“ РН:О 
Cl-+ Ag*—AgCl 


ПАШЕ sehe NUT mp Dine societa M se 


Experiment. 


Observation. 


BaCls test 
Acidify 2 mL of sodium carbo- 
nate extract with dil. HCI. Boil 
off СО. To this add вас! 
solution. 


Lead acetate test 

Acidify.2. mL of sodium carbo- 
nate extract with dil. acetic 
acid. Boil off COs. To this and 
lead acetate solution 


A white) ppt. (insoluble. in conc. 
НСІ or conc. HNO.) confirms 
sulphate. 

MgSO.+, BaC ја >Ва5о, +-2 Маск 


A white ppt. (soluble. in excess of 
hot ammonium. acetate solution) 
confirms sulphate. 
MgSO,-++ (CHsCOQO)aPb 
PbSOx+(CHsCOO).Mg 
(white ppt.) 
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3, Match-stick test 
Acidify 2 mL of sodium carbo- 
nate extract with dil НСІ. Boil 
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If violet streaks are produced, 
this confirms sulphate. 
BaCla4-ZnS$O4— BaSO,4- ZnCis 


1. Ammonium molybdate test 
Acidify 2-3 mL of sodium carbo- 
nate extract with dil. nitric acid. 
To this add 2-3 mL of conc. 
nitric acid followed by the 
addition of 5 mL of ammonium 
molybdate solution. 


2. Magnesis mtxture test 
To 2-3 mL of sodium carbonate 
extract add 2-4 mL of magnesia 
mi-ture. A white ppt. is obtai- 
ned. Treat this ppt. with silver 
nitrate solution containing a few 
drops of acetic acid. 


off COs. To this add BaCl, ^ NaeCOs+BaSQi> 
solution. Filter the solution. NagSO.+BaCOs 
Reject the filtrate and mix the — Na9SO4-- C—-NasS--4CO 
ppt. with solid NagCOs to get NaS + Nag[Fe(CN)sNO]> 
a paste. Apply this, paste. on Nas[Fe(CN)sNOS] 
the end of a carbonized match- (violet). 
stick and fuse this end in the 
reducing flame. Dip the fused 
mass into sodium nitroprusside 
solution taken in a china dish. 
Confirmatory Tests of Phosphate 
Experiment Observation 


A slow formation of canary 
yellow ppt. confirms the pre- 
sence of phosphate 
NagHPO4+12(NH4)sMoO, 
+23HNO3> 
(NH 4)sPMOig040+2NaNO~+ 
(canary yellow ppt.) 
21NHyNO3+12H,O 


If ppt. turns yellow, it confirms 
phosphate. 
NagHPO4-- Mg(NOg)e- NHg 
—M&(NH4)PO,4- 2NaNO 3 
(white ppt.) 


Confirmatory Tests of of Borate 


Expertment 


1. Giycerine-methyl alcohol test 
Міх 0.2g of the mixture with 
1 mL of glycerine in a test tube. 


Observation 


If the gas evolved burns with 
green flame, borate is confirmed, 
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To this add 1 mL of methyl 
alcohol. Heat the test tube on 
a free flame and ignite the issu- 
ing gas (Fig. 2.4). 
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een-edged Поте 
Ignite the vapours 


Mixture’ + glycerine 


* CH30H 


Fig. 2.4 Test for borate. 


2. Silver nitrate test 


Neutralize 2 mL of sodium car- 
bonate extract with dil. HNOs 
To this add AgNO; solution. 


. Turmeric paper test 

Dissolve 0.2 g of. the mixture in 
minimum quantity of dil. HCI. 
Dipa piece of turmeric paper 
into this solution. Dry it by 
wrapping it round a test tube 
containing boiling water (Fig. 
2.5). 


If a white ppt. is obtained which 
on boiling turns brown or black, 
this identifies borate 
Agt+BO2->AgBOg 
(white ppt.) 
2AgBOs--3H90—-Ag;O 
(brown or black ppt.) 
-E2HgBOs 


The.colour of the turmeric paper 
turns brown. Place a drop of 
sodium hydroxide solution on 
the dried turmeric paper. A 
green or dirty blue spot on the 
paper identifies borate. 
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4 


Turmeric paper scoked in 
үп of mixture ond 


HCL 
outer walls of the 


, test tube for drying 


Pgh 
\ an " 
} от 


Water being 
boiled 


bring wrapped on the 


Fig. 2.5 Turmeric paper test. 


4. Calcium fluoride test 
Make a thin paste of 0.2 g of 
solid mixture with CaF, and 
conc. HaSO,. Hold a small 
quantity of this paste at the end 
ofaglass rod and put it near 


А green coloured fíame due to 
the formation of volatile brown 
trifluoride identifies borate. 
CaFz+HaSO4>CaSO4+2HF 
H3B0,--3HF--BF3--3H30 


(volatile) 
the edge of the flame of a Bun- 
sen burner. 
Confirmatory Tests of Chromate 
Experiment Observation 


1. Neutralize 0,2 mL of sodium 
carbonate extract with acetic 
acid and add AgNO; solution. 

2, Neutralize 2 mL of sodium car- 
bovate extract with acetic acid 
and add lead acetate solution 


3. Acidify the water extract. with 


dil. HSO; and) ада 2 mL of 


amyl’ alcohol and 1 mL of 
H305 dropwise. 


A brownish red ppt. insoluble 
in dil, HNO and NH4OH 
CrO4'- —-2Ag*t-AgaCrO4 


A yellow ppt. insoluble in acetic 
acid but soluble in dil. HNOs 
and NaOH ‘confirms chromate 
Pb**--CrO4*—-PbCrO, 


On, shaking. organic layer turns 

blue, it confirms chromate 

Cro0x*- --4HgO2--2Ht—- 
2CrO;--5H30 
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Confirmatory Tests of Dichromate 


Experiment Observation 


A green colouration confirms 
dichromate. 
Cre0;*- +-6Fe**+- 14 
» 220 + 6Fe*+ 7820 
А reddish brown ppt. confirms 
dichromate which оп boiling 
changes into less soluble 
Ag»CrO,. 
2Ag*-- CrgO;*—— AgsCrsO: 
2AgsCro0;-I- HaO--2AgaCrO, +- 
НоСгаог 


1. Acidify water extract with dil. 
HaS0, and add FeSO, solution. 


2. Add AgNO; solution. into water 
extract. 


Confirmatory Tests of Thiocyanate 


Experiment Observation 


1... Acidify. 2 mL sodium cabonate 
extract with dil. HCl and add 
FeCl, solution; it gives blood 
red colour. Add NH,F ог 
Несі» or NazC204. 

2. Neutralize ‘sodium. carbonate 
extract with dil. НСІ and add 
dil. solution of a mixture of 
pyridine and copper sulphate 
followed by chloroform: 


extract with dil. HCI and add 
Co(NOg)a solution and amyl 
alcohol. 


Acidify 2 mL sodium carbonate 


Blood red | colour: disappears, it 
confirms. thiocyanate, 
Fe(SCN)*+ + 6F -—>Feki?-+SCN~ 


On shaking well chloroform layer 
turns green, 
Cut -2C; H;N-- 
28CN-  Cu(C;H; Ns (SCN)a, 


On shaking amyl alcohol. layer 
turns blue. iL 
Co**:44SCN-  ColSCN) A- 


Confirmatory Tests of Ferrocyanide 


Experiment 


Observation 


1. Acidify 2 mL sodium. carbonate ^ A white ppt. of ferrous-ferric cya- 


‘extract, with 40. Небо, and 


nide changing into pale biue ppt. 


add few drops of FeSO, solu- 
tion. 


2. Acidify 2 mL sodium carbonate 
extract with dil. HCl and add 
ammonium molybdate solu- 
tion. 

3. Acidify 2 mL sodium carbonate 

' extract with dil. HCl and add 
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of ferric fertocyanide, it confirms 
ferrocyanide, 


A brown ppt. of molybdenyl fer- 
rocyanide confirms ferrocyanide. 


A blue ppt. insoluble in dil. НСІ 
but soluble in conc. НСІ confirms 


FeCls solution. ferrocyanide. 
Nat--Fe** 4- Fe(CN),*- 
—NaFe[Fe(CN),] 
NaFe[Fe(CN),]--30H—— Fe(OH), 
+ Fe(CN),- --Na* 
Confirmatory Tests of Ferricyanide 
Experimeet Observation 


SSE ELT E 22 ОВУ a о OO O 


1. The water extract of the mix- 
ture is treated with a solution 
of FeSO,. 


2. The water extract is treated 
with AgNO; solution drop- 
wise. 


3. Acidify 2 mL sodium carbonate 


extract and add FeClg solu- 
tion. 


Confirmatory Tests of Arsenite 


A deep blue ppt. confirmrs ferricy- 
anide. 


A brick red ppt, appears, which is 
insoluble in cold dil. HNO; but 
soluble in NH,OH. 
Fe(CN).*-+3Agt->AgsFe(CN), 
it confirms ferricyanide. | 

A brown. colouration confirms 
ferricyanide, 


Fe(CN),*~+Fe*+->Fe[Fe(CN),] 


Reco ee CON CUIUS ех ан 


Experiment 


1. Add BaCle solution into neut- 


tal solution of sodium carbonate 


extract. 


Observation 


А white ppt. soluble in dil. на! 
confirms arsenite, 


3Ba**--2As0;1—- Ba(AsO;), 
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2. 


Add 2 mL of conc. НСІ to a few 
drops of test solution. Now add 

saturated solution of SnCls and 

heat gently. 


Add. AgNOs solution to the 
neutral solution of the test 
sample. 
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The solution brown to black 
confirms arsenite, 
AsO3*- +69? As*++ 3H20 
2As**+ 3Sn**->2As+3Sn‘** 


A yellow ppt. soluble in NH,OH 

and HNO: confirms arsenite. 

AsO;°-+3Ag*—>AgsAsOs 

Ag; AsO3;+6NH,—> 
[Ag(NHs)z]sAsOz 

AgsAsOs+ 3H*->-HsAsOs+3Agt 


In the presence Cl-, Br- and І-, the test is made as 
follows: 
Acidify the test solution with HNO, and add AgNO, solu- 
tion in excess Filter the precipitated silver salts and make the 
filtrate neutral by adding ammonia. At the neutral zone formed 
by ammonia above the acid solution a yellow precipitate of 
silver arsenite will be formed. 


Confirmatory Tests of Arsenate 


Experiment 


Observation 


Add AgNOs solution to the 
neutral solution of the test solu- 
tion. 


Acidify 2 mL of sodium carbo- 
nate extract with conc. НСІ and 
pass H,S gas for long time in 
hot. 


Acidify 2 mL of sodium carbo- 
nate extract with dil. HNOs 
and add ammonium molybdate 
solution and boil. 


A redeish brown ppt. soluble in 
NH,OH and HCI confirms 
arsenate 

AsO,*- -H3Ag*— AgsAsO. 
Ag:AsO,--3H*—H3AsO,--3Ag* 


Ag AsO: 4-6NH;--[Ag( NH3)j]s. | 


AsO, 


A yellow ppt. confirms arsenate 
2H3AsO.+5H2S>As2S3+8Hs0 


A yellow ppt. soluble in NH,OH 
and NaOH confirms arsenate. 
AsO,'- 3-12(NH4);MoO. --24H* 
—(NH4)sAs0,.12M005--12H;O 
+12NHi* 
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TESTS OF SPECIAL COMBINATION OF ANIONIC 
RADICALS 


A given mixture may contain a combination of two ог more 
and such anionic, radicals which connot be confirmed by their 
usual tests because the presence of one anion may. interfere іп 
the tests of other anions. Some of these combinations are given 
below: 


1. Carbonate in the presence of Sulphite Sulphite interferes 
in the lime-water test for carbonate because both SO, and CO, 
turn lime-water milky. 


Ca(OH),--C0,--CaCO,--H,O 
Ca(OH);--S0,-».CàS0;--H,O 


The following procedure is odopted for the identification of 
carbonate in presence of sulphite. 

Take a small amount of mixture (solid) and an equal 
quantity of solid K,Cr,O, in a test-tube; Now ада dil: 580, 
heat and pass the evolved gas through lime-water. If the lime 
water turns milky, carbonate or bicarbonate is present. 


Turning of solution (in the test tube which is being heated) 
green, confirms sulphite. 


CrO: -2H*--380;— 2€r^*--H404-380,47- 
(grcen) 
2. Nitrate in the presence of Nitrite Both nitrite and 


nitrate liberate NO, gas. Hence nitrite must be removed com- 
pletely before testing for nitrate. 


‘Acidify Na,CO, extract with dil H,SO, and heat’ with 
re of solid urea or NH,CI. Nitrite will be décomposed into 
ài 
2NO,"+NH{CONH, 2H. 2N;::3H]0 FCO, 
NO, +NH,.'-N,+2H,0 
Divide the solution into two parts for testing ПК 


(a) To part.I, ring test-is carried out as described earlier. 
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(b) То part Ш add dil #80, in order to make it acidic. 
Add а ctystal of KI апа 1 mL ог starch solution. Absence 
of blue colour shows the complete removal of/nitrite. Now add 
zinc dust and heat. Appearance of blüe colour ‘confirms 
nitrate. 


Zn—Zn?*4-2e; 
NO^7,--2H*--e- NO; НО 
I---H?*—HI 
2HI-+-2NO,--+2H*>2NO-+1,+ 28,0 
[,+Starch— Blue coloured complex 


3. Nitrate in the presence of Bromide, andjor Iodide The 
ring test of nitrate is interfered by iodide and to a smaller 
extent by bromide due to the colour of the liberated iodine/ 
bromine. In such cases halogen Shold ђе removed. before. pro- 
ceeding for ring test. 


Method 1 To the water extract of mixture add excess of 
ammoniacal -silver sulphate solution. Filter the ppt. containing 
AgBr and/or Agl. Perform ting test in the filtrate. 


Ag bX-—ABX OX = BE, r) 


Method 11 Boil the water extract with excess of Cl, water in 
a dish, till no more Bra or I, evolves. Now. perform the ring 
test. 


2X --4Ol-2Cb X, (X—Br, D 
Alternative procedure Acidify, Na,COs extract with dil. 
Н,50,. Add a few crystals of Кт апа starch solution followed 
by the addition of zinc. Appearance of blue colour indicates 
nitrate. : ' 

_ 4. Chloride, bromide and iodide in presence of ‘each other 
These anionic constituents are detected in presence of each 
other in the following ways. ae 

Mathod I Neutralize: sodium carbonate extract with dil. 


H80,; add solid NaNO; and boil the contents. Appearance of 
violet vapour of iodine indicates jodide. lisi 


48 Systematic Qualitative Analysis 


Go on adding NaNO, till the of iodine is completely 
removed. (This is indicated by the appearence of brown 
‚ vapours of МО). Continue heating to get a clear solution. 
Cool and add NaHCO, (solid) so that solution becomes alka- 
line. Now add conc. HNO, and heat the solution when it 
becomes brown; bromide is present. 

Next boil the above solution by adding more of conc. 
HNO, to expel as much of bromine as possible. Now add 
AgNO, solution. A white curdy ppt. (AgCl) soluble in 
NH,OH confirms chloride. 


Method П Chromyl chloride test is performed for СГ as 
described earlier while iodide and bromide can be identified as 
follows: 


Take Na CO; extract, acidify with dil. НСІ, add a few drops 
of CCl, or CS, Now add Cl, water drop by drop with 
shaking. If CCI,/CS, layer turns violet, iodide is present. 

Add successively Cl,- water and convert iodide completely 
to iodate on shaking. Violet colour in CCI,/CS, fades away 
and ultimately CCl,/CS, layer becomes colourless when bro- 
mide is absent, or reddish brown when bromide is present. 


Method III Acidify Na,CO, extract with dil. H,SO, Now 
add solid ferric ammonium sulphate and heat. Appearance of 
violet vapours of I, confirms I~. 

Expel completely I, gas from the mixture by heating and 
add a crystal of KMnO, and heat again. Br, gas is evolved. 

After expelling all the Br, gas, filter and test the filtrate for 
CI- with AgNO, solution. 


5. Sulphide, sulphite, sulphate and thiosulphate in presence of 
each other ЇЇ a mixture containing these anionic constituents 
is treated with dil. H,SO,, H,S is evolved from sulphide while 
SO, is liberated from sulphite and thiosulphate. These different 
gases are evolved at the same time and their identification is 
aon Following method is adopted . for identifying these 
radicals; ) 
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Take Na,CO, extract and shake it with Cd(NOj, o 
CdCO, solution. Heat for 2-3 min and filter. í j 


Yellow residue S^ Filtrate 

confirmed S?- 4-Cd *— CdS Add excess of BaCl, 
solution and filter. 

ЈЕ е 

White ppt. Filtrate 
(BaSO3, BaCO;, BaSO,) Add AgNO, solution, 
Add excess of dil. НС! white ppt. changing 
and filter yellow to black, 


| 5,0," confirmed. 
| р 
NS ее мина en adhi 
| (oom cia 
White ppt. (BaSO,) Add Br, water till 


insoluble in conc. HCl colour persists, boil. 
HNO. 50, confirmed. 50,2 confirmed. 


6. Carbonate in the presence of oxalate Both carbonate and 
oxalate are decomposed by conc. H,SO,. Carbonates are also 
decomposed by dilute acids. Therefore, oxalates can be analy- 
sed by first destroying carbonates. 

Heat the mixture vith excess of dil. Н,50, till there is no 
effervescence. Now add MnO, powder. Fresh effervescence 
starts due to the decomposition of oxalate. i 


C,0, + Mn0,}4H*>Mn®* + 2H,0+2CO, 


7. Oxalate in the presence of fluoride Both oxalate and 
fluoride yield a white ppt. with CaCl, solution. 

Acidify Na,CO, extract with acetic acid and add CaCl, 
solution. A. white ppt. of СаСОз and CaF, is obtained. The 
ppt. is treated with hot dil. H,SO, in which CaC,O, is soluble. 
Filter the solution and test the residue for fluoride. To the 
filtrate add few drops of KMnO, solution which is decolourized 
in the presence of oxalate. è 
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8. Phosphate in the: presence. of arsenite and arsenate All 
these anions give yellow ppt. with conc. HNO, and ‘ammonium 
molybdate. 

Acidify sodium carbonate extract with dil. HCI and add 
ХНС (solid) and few drops of magnesium sulphate solution. 
Add NH,OH solution to make it alkaline and filter. 


Y ~ | Ы | 
White ppt. due to РОЈ Filtrate. Add dil. 


and/or AsO,°~. Dissolve НС] and pass H;S 
the ppt. in dila HCI and ; in cold, yellow ppt. 
divide it aca parts. confirms AsO,°-. 
| | 
Part I Part II 
Heat the solution Add conc. HNOs, tartaric 
5 and pass Н,5 gas acid and ammonium molybdate 
“yellow ppt..confirms — solution; warm for 4-5 min. 
AsO. yellow. ppt. confirms» РО“. 


Note If AsO,? is absent there is no need of adding tarta- 
пе acid. 


INTERFERING RADICALS AND THEIR REMOVAL 


Oxalate, | tartrate; borate, fluoride and phosphate are known 
as interfering radicals. because. these .radicals interfere in the 
regular course of detection of cations after II group. Infact the 
salts of these acidic radicals are soluble in acidic medium and 
become insoluble in neutral or alkaline medium: 


‘Theory of Interference’ 

The theory of interference can be’ explained on the basis of 
“electrol jtic dissociation. Consider calcium oxalate whichis a 
salt of Weak acid. ‘The solution is acidic'üpto I group. There- 
fore Сас, 20; dissociates as follows: 


CaO 600, a- 
2HCI^2Q -2H*-. 
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or Са» 4-2CI-— CaCl; 
(highly ionized) 


2H*- C0? H.C;0; 
(feebly ionized) 


Itisclear from the above reactions that oxalic’ acid formis 
which is feebly ionized and in the presence of НОР (highly 
ionized) the dissociation of H,C;0, is suppressed duo to common 
ion effect. Thus [Ca?*][C,O;*-] is decreased and the CaC,O, 
does not precipitate and remains in solution. у 

On the other hand, the solution» in IIL group is alkaline on 
the addition of NH,Cl and NH,OH. NH,OH and H,C,O, 


dissociate as follows: 


2NH,OH—2NH,* -20H* 
H,C,0,^ C,0,* --2H* 
ог 2NH; СО (МНСљ Ол. 
(highly ionized) 
2H* X20H*-— 2H;0 
(feebly ionized) 
50 is highly increased - and 
lution: Due tothis [Ca**] 
roduct of 


Thus the ionization" of НС 
[C,0;*] is also increased in- the so 
[0,047] is also increased and exceeds the solubility p 


CaCj0, so that it gets precipitated. 


саз -(NH44C;0 „> CaC;0,7- 2NH,* 
(ppt) 


nce of the oxalate is also 


The above theory of interefere 
wellasto other interfering 


applicable to other basic radicals as 
radicals. - 

Removal of Oxalate and Tartrate | 
These.can be removed simultaneously by the following method: 
Boil off H,S from the filtrate of group IL, if group П is present, 
by evaporating to dryness; otherwise, use. the original mixture. 
Now add 4-5 mL conc. HNO, in paste (or mixture) taken in, à 
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porcelain dish and heat tillit is almost dry. Repeat the same 
treatment 3-4 times. Extract the residue with dil. HCl and 
filter if necessary, use the filtrate for group III and others. 

Theory Oxalate and tartrate changed into oxalic acid and 
tartaric acid respectively by the reaction with conc. НМО;. 
These acids аге easily decomposed in the presence of conc. 
HNO, as follows; 


2: CaC,O,+2HNO,—Ca(NO3).+HsC,0, 
CaC,H,0«2-2HNO,— Ca(NOj), - H;C4H40« 
ена rq  2HNO;—H,;0--2NO,--O 
idiot DAT C1 8,00, оно +2C0, 
H,C,H,0¢+4(O)->3H,0 +3C0,+CO 


Removal of Borate and Fluoride 


These can be removed by the following method: 


Boil off Н,5 from the filtrate of group II by evaporating to 
dryness in a porcelain dish. Treat this residue or mixture with 
3-4 mL conc. HCl and evaporate to almost dryness. Repeat the 
same treatment 3-4 times. Dissolve the residue in dil. HCI and 
filter if necessary, use the filterate for group III and others. 


Theory Borate and flvoride change into: toric acid. and 
hydrofluoric acid respectively which volatilize 
CaF, F2HCi> CaCl, +2HF | 
Саво), -6HCI— 3CaCl,--2H;BO, 1 


Removal of Phosphate 


Phosphate is removed from the filtrate of group II. One of the 
following methods is used for the removal of phosphate. 


|. ©) Ferric Chloride Method Test about 1-2mL of the filtrate 
of group II for iron. Boil off H,S from the filtrate of group II 
and add few drops of conc, HIN; (to. change ferrous into ferric 
ion, if present) and heat the solution for 2 min. ' 
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To the solution, add NH4CI (solid) and NH4OH till a clear’ 
smell of ammonia is obtained. It no ppt, is obtained then there 
is no need of removing phosphate. Now to the solution contain- 
ing ppt. add 2-3 р of sodium acetate and glacial acetic acid till 
the smell of acetic acid is obtained. Ада neutral ferric chloride 
solution dropwise with stirring until the solution acquires tea- 
colour. Now ада to it NH,OH till. the smell of ammonia is 
obtained. Boil and filter. | 


Residue - Filtrate Concentrate to 10-15 mL'and add 
Group Ш is present and 2gof NHiCl and МН:ОН in slight excess. 
test as usual. Boil and filter. 

If no residue is obtained Residue- Test for Filtrate "Test. for 
group III is absent А12+ and Cr?* if not groups IV, V and VI. 


tested earlier. 


Theory The phosphates of group Ill (Al, Cr and Feyiare’ 
insoluble in sodium acetate and acetic acid buffer solution while 
phosphates of the group IV, V and VI are soluble. By adding 
neutral ferric chloride phosphate ions are removed as ‘ferric 
phosphate. 


Fe*++P0,-—FePO, | 


The excess of iron is removed. as basic ferric acetate by 
dilution and boling. 


Fe**--3CH4C00-—Fc(CH,C00); 


Fe(CH,COO), t 2H,0 > Fe(OH),.CH,COO + 2CH,COOH 
basic ferric acetate 


Ferric ion has been selected because: 
(i) FePO, is the least soluble under the above conditions. 


(ii) It is easy to test Fe^* in the filtrate from the group И. 


(iii) Excess of Без“ ion can be detected from: the'colour of 
the solution infiltrate. 
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Notes. 
(i) Avoid large evcess of FeCl, because FePO, is soluble in 
FeCl,. 4 
(ii), Use freshly prepared neutral ferric chloride solution. 


` (її) Neutral ferric chtoride solution can be prepared by 

= adding dil: NH,OH (prepared by diluting ImL of shelf 

NH,OH with about 15-20 mL of water) to 2-3 drops of 

shelf FeCl, solution with shaking till a light ppt. 

persists. Boil, filter and the. filtrate will be neutral 
ferric chloride solution. 


(ii) Zirconyl nitrate method Boil off H;S from. the filtrate 
of group II and concentrate to almost dryness. Extract the 
residue, into 10 mL dil. HCl. Add 1 g of NH,CI and zirconyl 
nitrate solution dropwise with stirring until the precipitation is 
complete.: Heat the solution to boil and filter. 


Residue Filtrate’ Test. for ‘complete precipitation of 
White ppt. of zirconyl РОг?- by adding few drops of zirconyl nitrate. 
phosphate, reject it. Filter the ppt. if any and add 1 g NH4CI in 
the filtrate and boil. Make the solution alka- 
line by adding NH4OH; boil and filter. 
Residue May contain Filtrate Proceed for 


hydroxides of group groups IV, V and VI in 
ПТ and test for group ` the systematic way 
їп. 


Theory Zirconyl nitrate 'is а specific reagent for РО, and 
forms, the white ppt. of zirconyl phosphate and thus. removes 
the intesfering phosphate. 


Ca, (PO;),--2HCI—2Ca(HPO,)4-CaCI, 
Zr0(NO;),+2Ca(HPO,),-+2HCI-+ZrO(H,PO,).-+CaCl,+ 
(white ppt.) Са(ко;), 
-The-excess of zirconyl ions is removed by adding NH,OH 


ZrO(NOJ -2NH,OH- ZrO(OH),--2NH;NO, 
(white ppt.) 
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Notes 

(i) Dil. HCI should not be less than 1 N otherwise, the 
precipitation will not be complete. W eA 

(ii) Excess of the reagent should be avoided othérwise:tliere 
may. by. formation of colloidal solution. | 

(iii) Zirconyl nitrate solution is prepared by dissolving 10 g 
of zirconyl nitrate 20(40;) 20 in 6.5, mL of.conc. 
HNO} aüd-diluting. 103100 mL. with water, Вой the 
solution with-stirring-and keep : (ог 25h, -Decant the 
solution clear and filter. Ч ТОК; 


7 VIVAVOCE 


О. 1 What do you und&istand by qualitative and quantitative 
analysis? d moi | T 

Ans. Qualitative analysis is to detect the constituents (ions or 
radicals) present in a substance. Quantitative analysis is 
to determine the amount of the individual components of 


a substance. 

Q.2 What isa salt? 

Ans. Salt is formed by the interaction ofan ‘acid with a base 
for example. 


HCI-+-NaQH>NaC! H,O 
(acid) (base)—>(salt) (water) 


The salt has two parts (cation and anion), cation‘is сађеа 
basic redical while anion is called:acid. or anionic; radical. - 


Q. 3 What is mixture? 


Ans. Mixture is a combinati 
ratio. 

Q. 4 Is there any difference between a base ава ап alkali? : 

Ans. Yes, the substance having а tendency of giving electrons 
is called base, e.g. alcohols, ethers, étc. Bases: which are 
derived from alkali (Li, Na, K) or alkaline carth 


ion of two ог mere salts in any 


Ans. 


0.8 


Ans. 


0.9 


' Ans. 
Q. 10 
Ans. 
Q. II 
Ans. 
Q. 12 
Ans. 
Q. 13 
‘Ans, 
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metals (Ca,Sr, Ba) and a few other similar to bases are 
called alkalis. 

Name the burner which you use in the laboratory. 
Bunsen burner. 


Which gas do you use in the laboratory and how is it 
prepared? 


. Oil gas is used in the laboratary. It is a mixture of 


methane, ethane, ethylene and other hydrocarbons. It 
is produced by the cracking of petrol, kerosene oil or 
solvent oil in a gas generator. 

What do you mean by an analytical reaction and 
reagent? 

The chemical reaction takifig place is known as ап 
analytical reaction and the subtance causing it is called 
a reagent. 

What do you understand by the terms specific and 
selective reagents or reactions? 


Specific reagents (or reactions) are those, which are 
indicative of only one ion (or subtance) under experi- 
mental conditions. Selective reagents (or reactions) are 
those, which give a similar effect with only limited 
number of ions (or substances). 

What do you mean by marco-, micro-, semimicro- 
and ultramicro-methods of qualitative analysis ? 

See text. 

What is a buffer solution? 


See text. 

What is common ion effect? 

See text. 

What do you mean by pH? 

See text. 

What do you understand by complex ion formation? 
See text, 
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0.14 
Ans. 


Q. 15 
Ans. 


Q. 16 
Ans. 


Q. 17 


Ans. 


Ans. 


Q. 22 


What is water extract and how is it prepared? 
See text. - 
What for this extract is used? 


It is generally used for the testing of nitrite, acetate, 
thiosulphate and nitrate ions because their salts are 
usually soluble in water. 


What are the advantages of sodium carbonate extract? 
See text. 


Can we use sodium bicarbonate in place of sodium 
carbonate in preparing extract for acid radicals? 


Sodium bicarbonate cannot be used because the 
bicarbonates of metals are water soluble and pass into 
the filtrate along with sodium salts of the anions 


present in the mixture. 


What is lime-water? 


. Solution of calcium hydroxide Ca(OH), is known as 


Jime-water. 
Can we use any other solution in. place of lime water 
for detection of carbonates? 


. Yes, we can use Mg(OH)» solution in place of lime- 


water. i 
Why does potassium dichromate paper turn green in 
the test of a sulphite? 


| Due to the formation of green chromium sulphate. 


K,Cr,O + 350; HSO; > K,S0, СО + H20 


What is the nature of the brown ring formed in the test 


nitrates? | 
The brown ring is due to the formation of FeSO,.NO 
or more accurately [Fe(H,0)sNO]SO,. 


Why is freshly prepared solution used for the test of 
nitrate and nitrite? 
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Ans. FeSO, solution оп keeping is converted into basic ferric 


Q. 23 


Q. 25 


Ans. 


Ans 


sulphate which is not suitable for the testing of nitrate 
and nitrite. 


Сап a paper dipped in AgNO, be used in place of a 
lead acetate paper in the detection of a sulphide? 


. Yes, a paper dipped in AgNO, when exposed to the 


vapours of H,S turns black due to the formation of 
silver sulphide. 


2AgNO,+ ЊО Ag;S 3-2HNO; 


Why do bromides and iodides not respond to the 
chromyl chloride test? 


. Because chromyl bromide and chromyliodide are not 


known. Instead bromine and iodine are evolved. 
What are the substances which interfere in the chromyl 
chloride test? 

Flouride (gives CrO,F,), nitrate and nitrate (give 
NOCI) aud chlorate interfere. Chlorides of mercury due 
to insignificant ionization do not give this test. 


Why is it that in the chloroform test of halides only the 
organic layer is coloured and not the aqueous layer? 


. Because bromine and iodine have much more solubility 


in organic solvents (СНС, ССІ, or CS,) than in water. 


Why should conc. HCl not be used in the test for a 
sulphate? 


. Barium chloride "which is used for’ testing. а sulphate 


May get precipitated in the presence of conc. НСІ. The 
precipitated barium chloride may be mistaken for the 
ppt. of sulphate. 


Why does there appear sometimes a white ppt. when the 
^mixture is heated-'with conc. H,SO, for testing acid 
radicals? 


This suggests the presence of Ba?*, Sr? and РЬ°+ in the 


mixture because their sulphates being insoluble appear 
as a white ppt. 
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Q. 29 


Ans. 


Q. 33 
Ans. 


Q. 34 
Ans. 


Q. 35 
Ans. 
Q. 36 


Can we use BaCl, in place of Ba(NO;), inthe detectión 
of sulphate? | |... Seg Petree ay 
Yes, we can use Ba(NO), instead | of BaCl, because 
only.Ba?* ions аге required for the precipitation of 
sulphate as barium sulphate. 


| KjS0, -BaCl, BaSO, -2KCI 
KSO,-+Ba(NO,);>BaSOi+2KNO, 
(ppt) 


№ 


Why is silver nitrate solution kept in coloured bottles? 


. Silver nitrate solution is decomposed in direct sunlight 


into its oxide. Therefore, a coloured bottle is used to 
store silver nitrate to avoid its decomposition. 


Why do you use a stoppered bottle for ammonium 
hydroxide solution? 


. Because ammonia will escape out leaving a dilute solu- 


tion. 

How do you account for a yellow ppt. obtained even in 
the absence of phosphate when the mixture is treated 
with conc. HNO, and ammonium molybdate? 


. The yellow ppt. is also obtained in case arsenic is 


present in the mixture. У 
What is chlorine water? 
The solution of chlorine gas in water is called chlorine 
water. 
H,O--Cl,^2H*--CI-4- CIO" 

Why do you use a stoppered bottle for lime-water? 
Because it will turn milky by the atmospheric carbon 
dioxide. 

Ca(OH), + СО CaCO; Н.О 
What are the interfering radicals? 
See text. 
How will you remove interfering radicals? 
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SYSTEMATIC IDENTIFICATION OF CATIONS е 


The tests for cations i.e. basic radicals have been considered 
under the following hands: 


(a) Preliminary tests (Dry tests) 

(b) Tests in solution (Wet tests). 

Preliminary Tests for Cation Although these tests may not 
lead to very conclusive results, yet these afford correct valuable 


information which may be helpful for the correct identification 
of cationic consituents by wet tests. Preliminary tests comprise 


the following: 
Physical examination Examine the mixture carefully and 


draw inference, if any, as following: 


(a) Study of colour of the mixture Observe the colour of 
the mixture. à 


Colour Inference — 
Blue Copper salts sail а piper dio c 


Green ‘Copper, nickel; ferrous, chromium salts 
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Yellow Ferric, cadmium, arsenic sulphide salts. lead 
jodide, chromate salts. 

Red Lead oxide (Pb3O,), HgO, AgI 

White Salts of K, NHs, Mg, Са, Ba, Sr, Zn, Pb, Cd, 
AJ, etc. = 

Ріпк Cobalt, manganese salts 

Brown Oxides of Pb, Fe, Cd, Bi 

Black у Oxides of Cu, Co, Ni, Fe, Mn, sulphides of Pb, 


Bi, Cu, Hg, Co, Ni, and Ag 


Note If:the.colour of mixtate is white; it reveals that the salts of copper, 
iron, and nickel are absent. 


(b) Smell From the smell of mixture, draw the inference as 


follows: 
Ф агаве ~ 
Smell Inference 
(i) Ammoniacal smell _ Ammonium redical (NH.*) 
(ii) Smell like that of rotten eggs Sulphide (57) 
(iii) Vinegar smell Acetate (CHsCOO-) 


Note No characteristic smell should be inferred for the absence of these 
radicals; 


NC Density , After feeling the weight of the mixture, draw 
_ the inference. as follows: 


Observation Inference 
(i) The mixture is too heavy ‘Salts of lead of barium ` 
(i) The, mixture is too ight or а ‚ү Carbonates of zinc, magnesium and 
fluffy power aluminium 
(iii) The mixture i is neither heavy Salts of lead, barium, aluminium 
nor light magnesium and calcium may be 
absent. 


WRI 18 


(d) Dry heating Take a small quintity (0.5 g) of the mixture 
in a.dry.test tuden Hold. the. test tube in a horizontal 
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position with its mouth slightly: upwards: (Fig: 3.1) first 
heat the test tube gently: and then strongly and make 
necessary observations as given in the following table. 


Fig. 3.1. Dry heating test. 


Observation 


1. Melting of the mixture takes place 
. Swelling of the mixture takes place 


3. The mixture decrepitates (gives cra- 


ckling sound on heating) 

. A sublimate is formed; its colour 
may be 

(a) White 


(b) Yellow 
(c) Black 
1 The mixture changes its colour: 

(а) Yellow wherhot while white 

i "»when:cold: 1 

(b) Dark brown when hot while 
yellow when cold 

(c) The originaksalt is green: which 
becomes dirty white or yellow 
on heating" x 


Inference 


Hydrated salts 

Borate, phosphate or alums 
Lead nitrate; barium nitrate and 
potassium bromide 


Compounds of ammonium, 
arsenic and mercury 
Arsenious sulphide, Нето 


Arsenic, iodine and HgS 
Zinc salt 


Lead, bismuth dnd tin salts 


, Salts.ofinickel and ion(II) 
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(d) The original salt is blue which Copper sulphate 
becomes white on heating and 
on cooling turns again blue 


(e) Black residue Salts of copper, nickel, etc. 
(f) Mixture glows when heated Salts of calbium, magnesium and 
aluminium 


. 6. A gas is given out 


(a) Reddish brown gas which turns Nitrates of heavy metals 
FeSO, dark brown 


(b) Colourless gas which has charac- Ammonium salts 
teristic ammoniacal odour, turns 
red litmus blue, turns Nessler's 
solution brown 

(c) Colourless gas which has no Carbonates 
odour but turns lime water milky 


(d) Violet vapours Iodides 


7. Water drops are deposited in the Crystalline salt. 
test tube 


Note (i) A dry test tube is used for heating the mixture. 
(ii) While heating, the mouth of the test tube should be kept away 
from face. 
(iii) A small quantity of salt is used for dry heating. 


Definitions (i) Swelling Certain salts such as alums and 
phesphates when: heated swell up to form voluminous mass. 
This phenomenon, known as intumescence, is due to loss of 
water of crystallization and change in molecular structure. 


(ii) Decrepitation Crystals of certain salts do not contain 
any water of crystallization. Yet they contain a small quantity 
of mother liquor entraped in their crystals. When such salts are 
heated, the entrapped liquid vaporizes and, thereby, causes the 
crystals to break. This produces a crackling sound known as 
decrepitation. For example, lead nitrate undergoes decrepita- 
tion. ` ® Wis 


CHEMISTRY OF THE HEATING TEST 


1. Melting When the hydrated salts are heated, they lose 
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their water of crystallization, and they dissolve in it, giving the 
appearance as if these have melted. 


2. Swelling Borate, phosphate or alums on heating lose 
water of crystallization and swell up. This phenomenon of 
swelling up of a substance on heating is known as intumes- 
cence. 

3. Decrepitation Crystals of substances like Pb(NOg),, 
Ba(NO)),, etc. do not contain the water of crystallization but - 
enclose small quantities of the mother liquor. Such crystals on 
heating decrepitate, ie. fly to” pieces- with a sharp crackling 
sound on account of vaporization of the enclosed moisture. 


4. Formation of a sublimate When heated, certain. salts 
vaporize or give out volatile products which get condensed on 
the upper part of the test tube. in the from a sublimate (e.g., 
ammonium and arsenic saits). 

5. Colour changes When heated, certain salts are partially 
converted into oxides. The latter have different colours, fusibi- 
lities, etc. from the original salts. For example, 


СаСО»—>СаО+ЕСО, 1 
(white) . (glows on heating) 
CuCO;- CuO-- CO; 
(bluish green) (black) 
271030), 2210 ANO, Ор edd 
(white) (yellow when hot while white. when 
cold) 
2Pb(NOj) > 2PbO 3 4NO;T O, at 
(brown when hot while yellow when 
cold) i j 
Certain salts change their ‘colour due 10 loss of water of 
crystallization. For example, . 
CuSO;5H,0— CuSO t 5H,0 
(blue) ~ (white) 
NiCl, 6H,0> NiCl-- 6H,O 
(green) (yellow) 
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"6. Evohition of gases When the nitrates of non-alkali metals 
are heated, a mixture of nitrogen dioxide’) and oxygen’ is 
evolved. 


271(К0,), >2210-+4К0, EO, 


When the ammonium salts of polybasic acids (having more 


them one replaceable hydrogen atom) are heated, they decompose 
to evolve ammonia gas. 


(NH,),S0,—NH,HSO,-- NH, ! 


When carbonates аге heated, they decompose to evolve 
corbon dioxide. 


BaCO;--Bao-- СО; 
CaCO,— Ca0--CO, ^ 


condensed in the form of dro 
tube. 


Flame Test Certain me 
heated strongly in a non-luminous flame 


energy levels. When they come 
emit radiation’ which, if they с 
spectrum, impart characteristic 
50 produced is characteristic: of 
in the vaporized salt. ; 


Procedure (i) Maks 


wire. Clean it by tepzatedly dipping it in conc. НСІ and heating 
it in the oxidizing flame (this is obtained’ by keeping the air 
holes of the burner entirely open)» The wire is.said to be cleaned 
when it imparts no colour to the flame. 


end ofa platinum 


(1) Prepare a pastèof 


mixture in conc. на! ол а watch 
glass. \ 
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(ш) Take a:smáll:quanitity of the paste oñ the loop of the 
platinum wire and put it into the base of the non-/uminous or the 
oxidizing flame and. keep it for some time (Fig. 3.2) . 


PLATINUM l 
WIRE T n 


Fig. 32. Flame test. 


mparted to the flame as such and 


tiv) Observe the colour i 
Jass. (cobalt glass) and draw the 


also-through. a deep. blue. g 
inference from Table 3.1. 
TABLE 3.1 Flame Test 


Flaine colour as viewed Flaine colour through Inference 

through the-naked eye cobalt blue glass 

Lilac (pink-violet) Pink Kt 

Flickering brick red Light green Са" 

Crimson (deep red) Purple 5) 

Grassy green Bluish green pa** 
Bluish green Си» 


ark green 
Des Borate 


Bright green 


Zn 


Green flashes И + 
Yellow sparks TE b Mu ne ee 
ish white White азои 
Bluish white Hg+, Sn**, Pb?*, 
etc. 
T ETO SAER aileron te OTT at GaN ak 
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1: Notes (i) The flame test should not be performed if the 
“mixture contains phosphate. 

(ii) If the mixture contains Pb, Sn, Bi and As, the. platinum 
wire should not be used because it forms an alloy with these 
metals. 

(iii) Itis always preferable to perform the flame tests for 
various cations with: ‘their individual precipitates obtained in 
wet tests in” different коша and not to proceed directly with 
the mixture. 

(iv) Do not use the acid employed for cleaning the platinum 
wire, for making a paste of the mixture. 7 


Charcoal Cavity Test Principle On. heating the salt or 
mixture with sodium carbonate or fusion: mixture, first the 
corresponding 1 metal carbonates (if the salts are not originally as 
carbonates) are produced by double decomposition and these 
carbonates are decomposed to the corresponding oxides. One 
of the following possibilities may arise: 

(i) These metallic oxides are left as coloured residues. The 
colour of the residue is characteristic of the basic radical 
!; present. fadi "i 

(ii) These metallic oxides undergo reduction to the metallic 
state by the reducing action of the carbon of charcoal. resulting 
in the formation of metallic beads if easily fusible. 

(iii) The metal so formed in (ii) volatilizes in the form of 
vapours which burn in’ air.to form an oxide. The oxide gets 


deposited in the form ‘of a layer or crust around the cavity 
(incrustation). 


Examples. (i) 2130, --Ма, СО —=>7100, +Ма,50, 
ZnCO4—— ZnO--CO, + 


(yellow when hot and white 
when cold) 


-. Gi) CdSO,--Na,CO;—— Са СО, + Ма,50, 


CdCO,—CdO--CoO, t 
(reddish brown residure) 
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(ш) CuSO,--Na,CO,——-CuCO;-- NaSO; 
CuCO,—-— Cu0+-CO, 


CuO-C——Cu4-CO 
` (red) 


Procedure (i) Make a small cavity (2 mm deep) in the clean 
charcoal block with the help of a cavity borer (ii) Fill the 
mixture of 1 part of mixture of salts and 2 parts of the fusion 
mixture (Na,CO,+NaNO,) in the cavity. 

(iii) Press the mixture with a spatula and moisten the con- 
tents of the cavity with a drop of water. 

(iv) Hold the charcoal block in the left hand and bod. upon 
the reducing flame very gently with ud help of a blow pipe for 
about two minutes (Fig. 3.3). 


Fig. 3.3. Charcoal cavity test. 


(v) Observe the colour of residue (in hot and in ову the 
colour of the incrustation (if any) and the bead formation. 
Draw the inference as provided in Table 32. 


Notes (i) Бог а new salt, one should bore a new cavity in 
the charcoal. 
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(ii) When the: substance in the charcoalicavity, is heated it 
should be completely covered by the, reducing flame. 

(iii) Sometimes there occurs the burning of charcoal due to 
deflagration of the salt. This shows that the mixture contains 
nitrate. 


,, Cobalt Nitrate, Test When а charcoal cavity test is carried 
out, a white residue may be obtained. In such a case, add a 
drop of cobalt nitrate solution over the white residue. Heat. it 
again in the oxidizing flame by means of blow. pipe. Note the 
colour of the residue and make the inference as given in 
Table 3.3. 


TABLE 3.3 


Cobalt Nitrate Test 


Colour of residue 


Inference 
(i) Blue Aluminium, phosphate and borate 
(ii) Green Zinc 
(ii) Pink Magnesium 
(iv) Dirty bluish green Tin 


Notes (i) Instead of- heating the white residue of the char- 
coal cavity test with cobalt nitrate, it is always better to place a 


little of the substance in a fresh charcoal cavit 
cobalt nitrate test. y and apply the 


(ii) One should avoid the addition of excess of cobalt 


nitrate. If it is in excess, a black mass due t 
cobalt oxide is obtained. ношр of 


Chemical reactions involved During the cobalt nitrate test, 
cobalt. nitrate “first decomposes into cobaltous oxide which 
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reacts with the metal oxides to form a compound or a solid 
solution with characteristic colour. 


2Co(NO,),—-> 2Co0+ 4NO,+0, : 

Соб - Zn0—-— CoZnO, (cobalt zincate) 
(Rinmann's green) 

CoO-- Al,O,—+Co(AIO,), 
cobalt meta-aluminate (Thenard's 
blue) 

:Соо М20——-Со0.Мво 
(dirty. pink) 


Filter-Ash Test In place of the cobalt nitrate test, the filter- 
ash test can be employed. This test can be performed as 
follow: 


(i) Mix the original solution of mixture with cobalt nitrate 
solution. 

(ii) Take a piece of filter paper and dip in solution (i). 

(iii) Take out the wet filter paper. Place it on a wire gauze 
and burn to ash. From the colour of the ash (which is 


Same as in cobalt nitrate test) a useful inference can be 
drawn. 


The chemistry of this test remains the same as in the cobalt 
nitrate test. 


Borax Bead Test Principle When borax is heated, it first 
loses its water of crystallization and then decomposes to give a 
clear and transparent bead consisting of boric anhydride and 


sodium metaborate. 
NasB,O;.10H,O0—— Na,B,0,-++ 100 
NajB,O;—--2NaBO,;--B;O, 
Boric anhydride being less volatile displaces more volatile 


acidic anhydrides from their salts to form metaborates which 
possess characteristic colours. 


B,O3+ CuSO, Co(BO,), +80, 
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In certain cases metaborates of two different colours are 
produced in oxidizing and reducing flames. 


B,O,--CuS0,— Cu(BOj),-- SO, 
(green when hot and 
blue when cold in 
oxidizing flame) 
2Cu(BO,),-+ C——2Cu( BOj) - B,0;- CO 
(colourless in reducing 
flame) 


In some cases, the bead becomes opaque in the reducing 
flame. This happens if too much of the metal metaborate is 
there and its reduction to the metallic state is possible. 


2CuBO, --C——2Cu4-B,0,4- CO 
(reddish brown when hot) 


Procedure 


(i) Make a loop at the free end of the platinum wire. 


(ii) Heat the wire red hot and dip it into powdered borax 
and again heat to get small transparent bead in the 
loop of the wire. Ensure that the bead is clear and 
transparent. In case the bead is opaque, it is rcmoved 
and the process is. repeated to get transparent glassy 
bead (Fig. 3.4) 3 

(iii) Touch the hot bead with a little of the mixture. Heat it 
again in the oxidizing flame, cool and. examine the 
colour. 

(iv) Observe the colour when hot and also when cold. 

(v) Heat it again in the reducing flame and examine the 
colour of the bead when hot and also when cold. 


(i). Draw the inference from Table 3.4. 
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Fig. 3.4 Borax bead test. 
TABLE 3.4 


| Borax Bead. Test 


Colour of the bead in oxidizing flame Colour of the bead Inference 


in reducing flame 
Fee I a See SETANE AE 


(when cold) 
When hot When cold 
l. Brown Pale brown |... Grey or black Nickel 
opaque 
2." Deep green Deep green "еер geen X Chromium 
3. Pinkish | Pinkish Colourless or Manganese 
? opaque 
4. Green = Light blue Red (opaque) Copper 
f ss or colourless 
Yellowish brown · Pale yellew Bottle green Tron 
6. Deep blue Deep blue Blue Cobalt 


Notes (i) The borax bead test must be applied when the mixture 
given is a coloured salt. 

(ii) The borax.bead produced should be perfectly colour- 
less. If it is coloured, jerk it off and prepare a fresh 
bead. 

(iii) In this test, only a minute amount of the mixture 
should be used otherwise bead will become dark and 
opaque in subsequent treatment, 
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Microcosmic.Bead Test The microcosmic salt, Г 
Na(NH,)HPO,.4H,O behaves as borax, therefore, it can be used 
as borax. 


Principle When . microcosmic. salt 15 heated, it loses water 
and ammonia and give.a clear and transparent bead савија 
of sodium metaphosphate. 


Na(NH4)HPO,.4H;0—— NaPO,--5H,0 -- NH; 1 
Sodium metaborate combines with metal oxides to form ortho- 
phosphate which possess characteristic colours. 


2 Cu(NOJ,——2CuO-- 4NO; +0, 
NaPO,4-CuO—-NaCuPO4 
copper orthophosphate 
(green when hot and blue when 
cold in oxidizing flame) 


Procedure Procedure isthe same as for borax, bead , text. 
Draw. the inference from Table 3.5. 


TABLE 3.5 


Microcosmic Bead Test 


Colour of the bead.in oxidizing Colour of thé bead in reducing Infere- 


flame flame. nce 
When hot When cold When hot When cold 

1. Green Blue Colourless Red Copper 

2. Green Green Green Green — Chromi- 
um 

За Blue Blue Blue Blue Cobalt 
4. Yellowish brown Yellow ' Yellow Yellow Iron 

5. Vilolet Violet Colourless у Colour- Manga- 
Jess nese 

6. Brown Brown Grey Grey Nickel’ 


кале Nai ae 
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Detection of Cations (Basic Radicals) by Wet Tests 


1. Introduction By the term wet test we mean the detection of 
cations (and anions) of the mixture in the solution state. For 
this a suitable reagent called a group reagent is added to the 
solution of mixture and the formation of a precipitate is noted. 
This ppt. is further analysed to draw the inference regarding 
the presence or absence of cation or cations. 


For the sake of convenience, cations have been divided into 
six groups on the basis of the difference in solubility of their 
chlorides, sulphides, hydroxides, carbonates and phosphates. 
These precipitates are obtained by adding group reagents under 
the careful control of pH. 


Table 3.6 gives briefly the classification of basic radicals into 
groups, their group reagents and the form in which they are 
precipitated. 


Note The NH,” radical is not included in the above six groups. 
However, it is included in group zero which is tested in the 
original mixture in the beginning of the analysis of the cations. 
The reagent for this is NaOH. 


D 


2. Preparation of original solution The first step before 
proceeding for the indentification of cationic constituents by 
wet test analysis is to prepare a clear and transparent solution 
of mixture under investigation. The following solvents 
are tried one by one in a systematic order by taking 0.1 g of 
the mixture each time, treating with 2 mL of the solvent and 
heating if needed for 1-2 minutes before trying the next 
solvent. 


TI 
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(i) Distilled water 
(ii) Dil. HCl : 
(iii) Conc. НСІ 


Ifa gas 15 liberated on adding a solvent, ensure that the 
reaction is over. Add more solvent and heat. A clear solution 
may be formed when no gas comes out. If the solution has been 
formed on heating, it should be cooled to the room temperature 

before assuming that the solvent is satisfactory. 


“After finding out the appropriate solvent, prepare the stock 
solution or the original solution by dissolving 1 р of mixture in 
10-15 mL of the solvent. 


‚ Notes (i) The original solution must be clear and transparent. 
(ii) It may not be colourless. 


Analysis of Group Zero Cation (Ammonium) NH;* 


Identification Héat 0.5 g of the mixture with 3-5 mL of NaOH. 
liberation of NH; gas indicates the presence of NH,* radical. 
The gas evolved may be identified by the following tests. 


NH,CI--NàOH— МН: NaCI--H;O 


(a) Bring a piece of filter paper soaked in tuineric solution. 
If the paper acquires a brown colour, this confirms the presence 
of МН; radical. 


(b) Bring a glass rod dipped in conc. НСІ over the mouth 
of the test tube. If dense white fumes of NH,Cl are obtained, 
this confirms the presence of the МН; radical. 


но É NH I 
(dense white fumes) 
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(c) Pass the evolved gas into Nessler's reagent. The forma- 
| tion of a reddish brown ppt. confirms МНА" radical. 


K;HgL—-—2 KI+ Hel, 
| (Nessler's reagent) 


NH; 
HgL-2NH,—Hg(C HNH 
I 


gH 
NB; Hey 
HgQ 29 
І um +NH,I 
HK. -EHj9—-» iodide-of Millon's base 
| NI (reddish-brown ppt.) 


Preparation of “Nessler’s. reagent Dissolve 1375 of KI in 
100 mL of water. To it add a saturated solution of HgCl, 
slowly until a scarlet red ppt. just appears. Filter and reject 
the ppt. To the filtrate add a solution of 20 g of KOH is 50 mL 
of water and dilute to 200 mL. The reagent thus consists of an 
alkaline solution of potassium mercuriodide (K;Hgl,),. 


Analysis of First Group Cations (РЬ, Ав“, Hg?) 


To about 10 mL of the solution of the mixture, add dil. HCI in 
a slight excess in the cold. А white ppt. indicates the pressure of 
group I. Filter and preserve. the- filtrate for the Group II. 
Analyse the ppt. in accordance to Table 3.6. 


The white ppt. may cohtain PbClsABCI and Hg,Cl, Wash 
the precipitate with cold water on filter paper. Transfer the ppt. 
in a test tube by piercing the point-of filter paper with а glass 
rod and washing the precipitate with water into the test tube. 
Boil the ppt. with water. Filter hot. 


М 


Notes (i) In case the solution of the mixture is made in dil. 
НСІ, Group I is absent. Proceed directly for Group II. 
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(ii) Avoid large excess of HCl during. precipitation of 
Group I cations because PbCl, is soluble in hot excess НСІ 
due to the formation of complex, H;PbCl,. 


PbCI,-2HCI—- H;PbCl, 


(ii) If the solution is prepared in conc. HCl, dilute, the 
solution. If the ppt. appears on dilution, test it for Group I. 

(iv) Sometimes on diluting the solution. mixture in conc. 
HCI, white ppt. appears even if the group Ї is absent. This is 
because of oxychlorides of antimony, bismuth and tin are 
formed by hydrolysis. Under such circumstances add some conc. 
HCI and warm; the ppt. due to oxychloride dissolves. 

(v) Ifa yellow white ppt. is obtained on the addition of 
HCI, this is due to the formation of colloidal sulphur from 
thiosulphate present in the mixture. In such a case boil it with 
a little of solid NaNO, or NH4NOs. 


Chemistry of the Reactions Involved 

1. Precipitation When dil. НСІ is added to original solution, 
the cations (Pb?*, Ар", Hg”) of Group I are precipitated as 
their chlorides. 


Pb?*--2Cl- ——PbCl, + 
Ag*--CI-—— AgCl Y 
Hg,?++2Cl —— Не, С у 


2. Separation The separation of lead-, silver-, mercurous 
chlorides is based on the simple fact that lead chloride is soluble 
in boiling water whereas silver chloride and mercurous chloride 


are not. 


3. Identification ој lead (i) As lead chloride is soluble in 
hot water, it separates out on cooling in the form of needle- 
shaped crystals. 

(ii) With pottassium chromate solution, the solution of lead 
chloride gives a yellow ppt. of lead chromate which is-soluble 
in sodium hydroxide. 

РЪСТ K;CrO,—- PbCrO, -F2KCl: 
(yellow ppt) - 


82 Systematic Qualitative Analysis 
«Gi With potassium iodide solution, the ‘solution of lead 
dhiloride gives a yellow ppt. of lead iodide. 
PbCl, + 2KI—>Pbly -2KCI 
(yellow ppt.) 


4. Identification of silver When ammonium hydroxide is 
added to silver chloride, the latter dissolves to- form a colourless 
and soluble complex. | 


AgCI--ZNH,OH—— [Ag(NH3)ICIH-2H;.0 
(colourless) 


(i). KI solution forms a yellow ppt. of AgI 
[Ag(NH,),JCl+ KI— AglI--3NH T KCI 
(yellow ppt.) 


(ii) Dil HNO, decomposes the soluble silver complex: to 
form a white precipitate of AgCl. 


TA&(NH3ICI--2HNO;—- AgCl--2NHiNO; 
(iii) K,CrO, solution forms a red ppt. of silver chromate. 


2IAg(NH;)ICI-- K,CrO4—— AgiCrO, 1 2KCI+2NH5 


5. Identification of mercury When ammonium hydroxide 
is added to mercurous chloride, the latter forms black and 
white ppt, of Hg and Hg(NH,)Cl respectively 


Hg,Cl--2NH,OH— Hg | +Hg(NH,)Cl у +NHsC!+2H.0 
(black) de 
black 


The black residue is dissolved in aqua regia when НЕСІ, is 
obtained. у 
HNO,+3HC!—>NOCI+ 2H,0+2Cl 


HOAS | 
aqua regia 
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Hg+2Cl—+HgCl, 
Hg(NH,)C1+-2HCl—> HgCl, +-NH.Cl 


(i) KI solution forms a red ppt. of Hgl, which dissolves in 
excess of KI. 


HgCl,--2KT—*Hgl, -2KCl 
(red ppt.) 
Hgl--2KT— КАЕ] 
(soluble) 
(ii) With ЅАСІ, solution, a white ppt. turning to grey-black 
is obtained. 


HECh + SaCI, 225983645161, 
(white ppt.) 


Hg2Cl;-- SnCl,——2Hg-- SnCl, 
(grey) 


(iii) A grey deposit is deposited when copper chips are added 
to HgCl, 


HgCl;-- Cu—+Hg+ CuCl, 
(grey) 


Analysis of Group II Cations (Hg?*, Pb*+, Bi**, Cu**, Cd^* 
(As?+, Sb?*, Sn** or Sn‘*) 


If the aqueous solution of the mixture doesnot yield any ppt. 
with dil. HClor if the original solution has been prepared in 
dil. HCI, this shows the absence of Group I. 


Take about 1-2 mL of the filtrate of Group 1 or take 1-2 mL 
of the original aqueous solution acidified with dil НСІ or 1-2 mL 
of original solution prepared in dil. HC! (if Group I is absent) 
in a test tube. Warm and pass HS gas from the Kipp’s appara- 
tus (Fig. 3.5) through this solution. If а coloured ppt. is 
obtained, this shows the presence of Group IL. In such a case, 
pass HjS gas through the. remaining portion of the solution for 
a sufficient time to ensure complete precipitation. Filter the 
solution. Preserve the ppt. for Group II. . 
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STOP COCK 


RUBBER CORK 


TRON ‘SULPHIDE 


Fig. 3.5. Kipp’s Apparatus. 


In the filtrate, pass HS gas again. Repeat this process until 
the filtrate yields no ppt. even on dilution and heating. Collect 
the whole of the ppt. thus obtained and use it for the analysis 
of Group II. Keep the filtrate for the analysis of subsequent 
groups. The ppt. may consist of sulphides of 


Hg, Pb, Bi, Cu, Cd, As, Sn([V) 56, Sn(II) 
ws (orange) (brown) 


(black) (yellow) 


Wash the ppt. with hot water and transfer it into a test 
tube, add about 10 mL of yellow ammonium sulphide solution. 
Heat with occasional shaking and filter. 


Residue may contain HgS, PbS, | Filirate may contain the thiosalts 

‚ BigSsCuS ard CdS. This constitu- | (NH,)sAsSs,  (NHs)sSbSa апа 
tes Group ITA Analyse the ppt. in | (NHu)sSnSs. This constitutes 
7 accordance to Table 3.7. Gruop II B Analyse the filtrate in 
1 accordance to Table 3.8. 
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Notes (i) Group IL should ђе precipitated from: a hot solu- 
tion because. heating, favours.coagulation of the sulphides and 
its subsequent filtration. 

(ii) Use thoroughly washed tubing for passing H,S in the 
mixture solution. 

(iii), Pass HS for.a sufficiently. long time to ensure complete 
precipitation. Arsente, if present, is slowly precipitated by HS. 
In such acase reduce arsenate by heating the solution. , with a 
crystal of NHI. у 

(iv) Before passing H,S, the solution must not be too much 
acidic as in that case Pb, Cd, Sn, are not completely precipita- 
ted. If; acidity is too:low, sulphides of Group IV.-may be preci- 
pitated. For correct precipitation, the acid concentration should 
be about 0.3 N. M" 

(у) Sometimes on passing HS, the colour of thé ppt. goes 
on changing, e.g., in case of Hg at first a dirty white, brown, 
then orange and finally black. 

(vi) Too concentrated HNO;, if used to dissolve {һе sulphi- 
des of Group МА; will oxidize PbS-to PbSO, which will) remain 
behind, with, HgS- Also in this. caseiresidue may: not be black; 
but yellow due to the formation of Heg(NO:),.Hgs. 


Chemistry ofthe Reactions Involved 


1. Precipitation When HS: gas.is passed throug nthe filtrate 
obtained from Group I or through the original solution (it 
Group I is absent) the cations of Group П are precipitated. 


Me+HS->MS+2H* _ [M=He, Pb, Cu, Cd, 
3H em saani” 
2М°+-+-3Н,8—> M,S3+6H* [M=As, Sb] 
ман “Мане [M -Sn(EV)] 
2. Separation of Group HA from IIB Group ПА cations are 


insoluble while Group IIB-cations are solublé in yellow am- 
monium sulphide solution. The latter form soluble thio salts. 


ASS HINH DSt 28-7 ANAS 
ammoniumthigarsenate 
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~ $b,S,+-3(NH,),S+-2S-+2(NH,),SbS, 
p ammonium thioantimonate 


(SnS4- NH4,S--S— (NH4),SnS; 
ammonium thiostannate 


3. Identification of Mercury Mercury sulphide is insoluble 
in 50 per cent HNO, while sulphides of Pb**, Bi**, Cu** and 
Cd** dissolve in it to form nitrates. 


3MS+8HNO;>3M(NO,),+4H,0+2NO+3S 
[M=Pb, Cu and Cd] 
Bi,S3-+8HNO, > 2Bi(NO,),-+2H,O-|-2NO--3S 


Mercury sulphide dissolves in aqua regia to form HgCl, 
which is soluble. 


HNO0;--3HCI—2H,0 +NOCI-+2Cl 
HgS$--2Cl--HgCl,-- S 
(i) With ammonium thiocyanate and cobalt nitrate in the 
presence of sod. acetate, НЕСІ, gives a deep blue colour or ppt. 


Hg*+ +Co* +4SCN~>Co[Hg(SCN),] 
(deep blue ppt.) 


(ii) With NaOH solution, the solution of HgCl, gives а 
yellow ppt. of HgO 


Hg"-F20H-—HgO-FH,O 


(iii) SnCl, reduces НеСІ, to white ppt. of Hg;Cl, Excess of 
SnCl, reduces it to a grey ppt. of Hg. 
2Hg**--SnCLl—Hg,Cl,--Sn* 
(white ppt.) 
Hg;Cl, 4 Sn**--2Hg c Sn** 4-2CI- 
(grey) 


4. Identification of Lead When the black ppt. of lead 
sulphide is treated with 50 Per cent nitric acid, a colourless 
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solution due to the formation of lead nitrate is obtained. With 
sulphuric acid, lead nitrate solution yields a white ppt. of lead 
sulphate. 


РЕ(МО;), + HSO,— PbSO, +2HNO; 
(white ppt.) 


The ppt. of lead sulphate dissolved in ammonium acetate 


- solution yields lead accetate. 


PbSO, --2CH,COONH;— (CH4COO);Pb + (МНА),80, 


(i) With potassium chromate solution, lead acetate solution 
yields a yellow ppt. of lead chromate. 


PbCl,--K,CrO,— PbCrO,--2K CI 


(i) With KI solution, lead acetate solution yields а yellow 
ppt. of lead iodide. 


(CH5COO),Pb-F2KI +PbI,+2CH;COOK 


5. Identification of Bismuth On adding NH4OH to the 
filtrate containing Bi**, Си“ and Cd?*, only bismuth forms a 
white ppt. of Bi(OH), while Cu** and Cd?* form soluble com- 


plexes. 
Bi**--3NH,OH- B((OH),-- 3NHa* 
(white ppt.) 
Cu?* --4NH4,OH- [Cu(NH3)4] * --4H;O0 
(deep blue solution) 
* Cd?*-FANH;OH- [Cd (NHj)P* -- 460 
(colourless solution) 


Bi(OH), dissolve in dil. НС! and gives ВАСЕ. 
Bi(OH); +HCI- BiCl, +3H,O 


(i) Sodium stannite reduces Bi** to the metal (black ppt.), 
and sodium stannite is oxidized to sodium stannate. 
3Bi**--38n0?-4 60H —2Bi--3Sn0,^ +3H,0 
(black) 
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(ii) Thiourea, CS(NH,)3, forms:a. yellow -colouration. with: 
bismuth salts in'the presence of dil. HNO;. 


(ii) With excess of water ВІСІ, solution gives a white 
turbidity of bismuth oxychloride. 


BiCl,-- HO BiOCI --2HCI 
(white turbidity) 


6 Identification of Copper The deep blue coloured solution ' 
of [Cu(NH3);]* with acetic acid gives green. solution. 


[Cu(NH3)]*--2CH4COOH-» Cu(CH4COO), 4-4NH;--2H * 
(green solution) 


(i) With potassium ferrocyanide solution, (ће green solution 
of copper acetate yields a reddish-brown ppt. of copper 
ferrocyanide. 


2Cu**-HFe(CN9)]— Cud Fe(CNi)] 
(reddish brown ppt.) 


7. Identification ој Cadmium ' 


(i) Potassium cyanide converts — [Cu(NH)]* ^ and 
{Cd(NH;),}** into complex. cyanides. 


2[Cu(NH3,]*4- I0CN-—2[Cu(CN),]- -- (CN), +8NH; 

[Cd(NH3) P -4CN--HB;O--[Cd(CN),2---4NH,OH 

[Cu(CN),}> ion. is very stable does:not ionize in solution 
to give sufficient concentration of Cu2+ ion whereas [Cd(CN),’]- 


being unstable produces a much higher concentration of Cd?* 
ion in solution. On passing H,S gas in the solution yellow ppt. 


of CdS is obtained 
меа) = Cd?++CN- 
Cd? -S'-— Gd . 
(yellow. ppt.) 


91: 


Q44;US +248 B 9 
+ 


вәуелтри 31500әр KSuods Аәз8 у 'eun 

awos зојзтем pue 22919 un yews e ppe 
*uonnjos ou jo зей 1ogiou? ОД, (1) 

42945 SULIGUOS 

ров 21203203 ut ojanjos Aupiqan JO оу) 

-nojos әта deep V "uonn[os зугракјош | -idipe1d оца У слојем ДО 5520Х0 28191 

wintuowure ppe ией ouo oL (7) чил ampia voos 943 szyenneu oj 
-sued omy OFT! 3t Jopio ul HO*HN. ppe ued ouo OF, (t) 

әрїмр pue ај "our әшо 10} у doow "леда ома UI 3I SPIC 

"Он "Hp рив 150р uz ppe pU? сен ро | ‘StH БО Пон Лон ‘auos ut әбу 
[LO ‘pus uguo eq кеш 3p OIL] -ала ay} омота "о8вивло) amnpisaM 


аштциоз "dd Хела 10 aym У ПОН 
-пров «(8H ppe 3194 puooes oL б!) 


*,,US 5оуетрш ayendiooid 10 чопел 


icals 


тә “SH ssed рие под (pilos) pio? оңехо рру 'eunexre eny 297 
одеш 0) HO'HN PPV `$°Н Ho iod sjpas pue "1005 AVY Аеш э] 2/04 


suonv) ФП 48029 jo siskjeay 
jo qu 01 onprerem 0} PPY 


(4,US PUE 45 * SV) 
86 TISVI 


Identification of Cationic 


+SV 
"SV SUITY 
-u00 HO'HN Pu? *ONH UI 2191105 
заа моцәќ v :'uonnjos *ONSV рре 
(қедпәш 11 эеш) тү 124 eu OL (M) 
паде го ayenidpoid oyy 
y ‘ainjxiur visousela ppe рое HO'HN 
Чим oumex|e 1794 puoses оду (217) 
У 


suguoo әзвийоәза моцәќ: y "eod 
pue uonnjos 9jepqAjour шашошшщше 
ppe ‘uonnjos 29) Jo œd * oL () 


“syed 
€ и әрла SONH '2002 ш suiroq 
Ка заа моцәЛ 94) ossia anpisay 


"оду рог [009 'sejnutur < 10 Kpu под pue өн "под 
's8urgseA JOofor puv 2915 *19jeA JOU, Чим ЯП. dnoi$ jo enpisa1 ҶЅРМ 
'suoreo ЧП dno15 10j enpiso1 159) pue ayy оф PAA ^3: Joy *yuasald 51 
а п dnoip је ѕивәш 11 *paur?jqo 51 аа pezno[oo € JI ТОН "пр ppe “ЯП dnoiy jo 2381310 о OL 


92 Systematic Qualita.ive Analysis 


(ii). When the solution is colourless, on passing H,S gas in 
this solution of [Cd(NH;),]"^ ions, yellow ppt. of CdS is 
obtained. — . j 


[CH(NH;.]-H,S-» CdS-- 2NH,"--2NH, 
j (yellow ppt.) 


Notes (i) If on addition or dil. HCI, instead of yellow ог 
orange ppt. there is white ppt., Group IIB is absent. The white 
ppt. is due to sulphur. 


(ii) When assenic sulphide is dissolved in conc. HNO, a 
black mass floats in the test tube. This is due to sulphur. 
Remove it. 


(iii) Antimony should be reported only. if an orange ppt. is 
formed. 


Chemistry of the Reactions Involved 


Precipition When dil. НС! is added in the filtrate of Group IIB 
(thiosalts of As, Sb and Sn) the corresponding sulphides are 
pracipitated. DE 


2(AsSO,)*-+ 6H*— - As,S;--3H,S 


thioarsenate ` © (yellow 
ion ppt.) 
2(SbS,)*- + 6H*—->Sb,S; +-2H,S 
thioantimonate (orange 
ion ppt.) 


|. (0Sj)*—-2H^—-— SnS,-- H;S 
thiostannite (yellow 
ion ` ppt.) 
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Excess of ammonium sulphide is decomposed liberating 
sulphur as a light yellow ppt. 


2. Separation Arsenic sulphide is insoluble in conc. HCl 
while sulphides of antimony and tin are soluble in conc. НСІ 
and form corresponding chlorides. 


Sb,S;-I- IOHCI——2SbCI, + 56,5 +26), 
SnS,--4HCI—— SnCl,--2H,$ 


3. Identification of Arsenic The yellow ppt. of As,Ss dissolves 
in conc. HNO, forming arsenic acid. 


As,S5-+ 10HNO,+4H,O—->2H,AsO.+ 58-- 10NO 


(i) Ammonium molybdate yields a yellow ppt. with arsenic 
solution in presence of HNO3. . 


AsO, -3NH4*--12M00,"- -24H*— 
(NH,),As0,12M00;--12H,0 


(yellow ppt.) 


(ii). On adding magnesia mixture, a white crystalline precipi- 
tate is obtained. 


H,AsO,+-3MgSO.+ 3NH,sOH——> 
Mg(NH,)AsO,--(NH4),SO, - 3H;O 
(white ppt.) 


(iii) H5AsO, forms a yellow ppt. with AgNOs solution 
Н,АѕО,-ЗАЕМО; > AgsAsO, -3HNO; 
(yellow ppt.) 


4. Identification of Antimony In the presence of NH,OH 
and excess of oxalic acid, tin forms a relatively stable tin-oxalate 
complex ion, whereas antimony forms a much less stable anti- 
mony oxalate complex ion, Thus on passing HS, Sb,S, is 
obtained. 

Sn**--2H,C,0, $1(C,09, 48" 
oxalic’ (stable not 
acid decomposed by H,S) 
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2Sb** --3H,S—Sb,S,-I-6H* 
У (orange ppt.) 


(i) SbjS; dissolves in HCl forming 'SbCl, on dilution milki- 
"ness is produced which is soluble in tartaric acid (Сүн О;). 
Sb,S,--6H* —728b**--3H,S 
Sb**--CI---H,0O—--SbOCI--2H* 


SbOCI-- C4H,0,——- C4H;SbO;--H*--CI^ 
(soluble) 


(ii) On putting tin foil in SbCl, solution, .a black .deposit of 
antimony is obtained. 


28b?! + 38n——-3Sn**-4-28b 


5: Indentification. of. Tin Addition of zinc dust to the 
solution reduces SnCl, to SnCl,. 


Sn**- Zn* — S Sn zu 


(i) Ammonium molybdate forms a blue colour or precipitate 
with SnCl, solution. 


Бле“ -ЕЗМо02=—->Мо 0; + Sn**-+5H,O 
(blue) 


(i) Mercuric chloride is reduced to Hg,Cl, (white ppt.) and 
finally to: grey or black Precipitate of mercury. 


Sn^-FHg**--2CEF-— Sit EHg CI, 
(White ppt.) 
Hg;Cl;-Sn*—— Sn'*--2Hg--2CI- 

. . (ray) 
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Analysis of Group III Cations (Fe**, Cr** and Al**) 


Boil Group II filtrate for a sufficient time in a china dish to 
remove H,S «completely (test with lead acetate paper) Add 
about 2 тї, оѓ сопс HNO, and boil to oxidize any Fe?* to Fe** 
state. Add 2.mL of solid -NH,Cl, heat to boiling and and 
МНАОН in slight excess until the solution smells of ammonia. 
Boilfora minute and filter immediately. Examine the preci- 
pitale for identifying the members of Group III and keep safe 
the filtrate. for subsequent groups. The ppt. may consists of 
hydroxides: of. 


Бе Ст Al MnO, ЊО 
(reddish brown) “(dirty green) ^ (white) (black) 


Analysis the ppt. in ассогдапсе (о Table 3.9. 


Distinction between Ferrous (Fe?*) and Ferric (Fe**) І. Add 
Kj[Fe(CN), solution. to the original Solution :(O.S.).; The 
formation of a deep -blue colouration Or a ppt. indicates the 
present of ferrous (Fe?*) ion whereas the formation of brown 
colouration indicates ferric (Ғе?) ion. 


Il. Add K,[Fe(CN),] solution to the O'S. The formation of 
a deep blue colouration or a “ppt. -indicates ferric (Fe**) ion 
wheares the formation of light blue colour indicates ferrous 
(Fe?+) ion. 


IL Add KSCN solution to the O.S. The formation of a 
blood red colouration indicates ferric (Без) ion. 


Notes (i) Before proceeding for the „analysis of Group Ш 
remove interfering redicals. 


(ii) If black residue: їз obtained after the treatment with 
Na,O, or МаОН— Вг; water, both Mn+ and Fe?* are present. 
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(iii) Solid NH,CI should be added in excess, otherwise 
cations like Zn?* and Mn?* may be precipitated here. 

(iv) If on adding a few drops of conc. HNOs, a thick heavy 
ppt. settles down, the presence of Ba?* is indicated. This 
dissolves on dilution. 

(v) After the addition of NH,Cl, the solution should be 
warmed but not boiled before adding NH,OH, otherwise 
chromium, if present, will result in a pink coloured soluble 
complex [Cr(INH;).(OH)j]. 

(vi) Too much excess of МАСТ should be avoided otherwise ' 
Cr? is not precipitated and АКОН), may from a colloidal 
solution. 

(vii) The KSCN test for ferric (Fe**) ion is highly sensitive. 
A pink colour is given by it in any solution. Only a deep red 
colour in a dilute solution indicates ions. 

(viii) Ferrous iron if present should be changed into ferric 
iron by boiling with a few drops of conc. HNO. 


Chemistry of the Reactions Involved 


L If Group П filtrate is coloured, the solution should be 
boiled with nitric acid to oxidize the ferrous salt to ferric salt. 
The oxidation is necessary because ferrous hydroxide is not 
completely precipitated and also the colour of ferrous hydroxide 
is light green which is similar to that of chromium trioxide, | 


HNO, 2NO-+H,0+3(0) 
FeCl,--2HCLl- (O)--2FeCl;- H;O 
or 3Fe* --NO,- 4H 3Fe?*--NO +290 


IL On treatment of the solution with NH,Cl and NH4OH, 
the cations of Group III are precipitated as hydroxides. 
M**--30H— M(OH); [M=Fe, Ст and АЈ 


The brown ppt. of ferric hydroxide, 


Indentification of Iron à vide: 
w solution of ferric chloride. 


dissolves in dil. HC! to yield a yello 
Fe(OH),--3HCl^-FeCl, + 3HCI 
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_ (i) With potassium ferrocyanide solution, ferric ions yield a 
deep blue colour or a ppt. of ferric ferrocyanide or prussian 
blue. 


FeCly-- KJ[Fe(CN);]— K Fe[Fe(CN),] + 3KCIl 
potassium ferric ferrocyanide 
(prussain blue) 


(ii) With potassium sulphocyanide solution, ferric ions yield 
a blood-red colouration due to the formation of potassium ferric 
sulphocyanide. 


EeCl,-- 6KSCN— K;Fe(SCN), +- 3KCI 
(blood red colour) 


With potassium sulphocyanide solution, ferrous ions do rot 
react. 


(ii) With potassium ferricyanide solution, ferrous ions yield 
a deep blue colour or a ppt. of Turnbull’s blue. 


FeCl, Kj[Fe(CN);]-K Fe[Fe(CN);] --2K CI 
(Turnbull's blue) 


With potasium ferricyanide solution ferric ions yield a 
brown colouration. 


Identification of Chromium When the dirty green ppt. of 
Cr(OH), is boiled with Na,O, (or NaOH+H,0,), it dissolves 
and forms a yellow coloured chromate, 


2Cr(OH),--3Na,0,— 2Na,CrO,---2NaOH +2H,0 
sodium chromate 


| (i) With lead acetate solution, sodium chromate solution 
yield a yellow ppt. of lead chromate. 


CrO,*-+ Pb^-. PbCrO, 
yellow ppt, 


| 
|| 
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(i) With acidified chromate solution, H,O, forms a blue 
peroxide of chromium which is stable in other medium. 


2Na,CrO4+ H;S0,— Na,Cr,0, 4-H50 + Ма,50, 
Na,Cr,O; --H4S0;5-Na,S0,-- HsCr,O; | 
H,Cr,O; -4H,0,—2Cr0;--5H,O 


Indentification of Aluminium When the white ppt. of 
aluminium hydroxide is treated with NaOH solution, the ppt. 
dissolves due to the formation of sodium meta-aluminate. 


Al(OH),-+-NaOH— NaAlO,+2H,0 
sodium meta-aluminate 


(i) When the solution of sodium meta-aluminates is boiled 
with ammonium chloride, a white gelatinous ppt. of aluminium 
hydroxide is formed. 


NaAIO;--H,0-- NH,CI--AKOH), -+ NaCI-- NH; 


(ii) The white precipitate of AKOH), absorbs the ` blue- 
colouring matter of litmus and turns blue. 


Analysis of Group IV Cations (Ni?*, Co**, Zn?* and Mn?*) 


Concentrate the filtrate from Group Ш to a small volume. Take 
a portion of this solution. To this odd a pinch of NH4CI (solid) 
followed by a small amount of dil. ammonia (1:1) to make it 
ammoniacal, Now pass HS gas through it in excess, If ppt. is 
obtained, then pass H,S through whole of solution after adding 
solid МН,СІ and making it ammoniacal by adding dil, ammonia 
(1:1). Filter and preserve the filtrate for the next group. The 


ppt. may consists of sulphides of 


i Mn Zn i © 

КО атр ово 

(black) : 
Table 3.10, 


__ Analyse the precipitata in accordance yith- 
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Identification of Cationic Radicals 101 


Preparation of Ammonium Mercuric Thiocyanate: Dissolve 
1.6 g of HgCl, and 1.8 g of NH4SCN in 20 mL of HO. 


Notes I. For the confirmation of Group IV cations dry 
tests are quite reliable and must be carried out with great care. 


II. Carry out the cobalt nitrate charcoal cavity test for zinc 
with white ppt. The formation of a green mass confirms the 
presence of 21". 


IIL Carry out the borax bead test with the black ppt. of 
nickel or the buff coloured ppt. of manganese. 


IV. Pass H,S gas in hot solution as in cold zinc and manga- 
nese sulphides form a fine suspension especially when present in 
small amounts. 

V. The solution should be strongly ammoniacal before 
passing H,S gas so that the cations of Group IV are completely 
precipitated. f one 


Chemistry of the Reactions Involved 


1. Precipitation When HS gas is passed through the 
ammoniacal solution, the cations of Group IV will be preci- 
pitated as sulphides. 


M*-+-,S-+>MS+2H* [M=Ni, Co, Mn, Zn] 


The solubility product values for Group П sulphides are 
smaller than those for Group IV sulphides. It means that the 
concentration of S*- ions required for Group IV cations will be 
high as compared to that for Group II cations. 


But the concentration of S?- in acidic medium is low. 
Therefore, the sulphides of Group IV cations will not be pre- 
cipitated in Group IL. However, the concentration of S°- ions 
in acidic medium is quite sufficient to precipitate Group II 
cations. 


HCleH*--Ct- 
H,Se2H*-ES 
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In the presense of NH,OH, the concentration of S% be- 
comes appreciably large to preciptate Group IV cations. 


NH,OH=NH,*+-O0H- 
H,S=2H*-++S?> 
H*-c-OH —H;O 
2. Separation. When the sulphides of Ni, Co, Mn and Zn are 


treated with dil. HCl only MnS and 215 go into the solution 
while NiS and CoS are unaffected. 


MnS--2HCI—MnCI,--H,S 
ZnS--2HCIZnCl, -H.S 


3. Identification of Nickel and Cobalt When NiS and CoS 
are treated with aqua regia, they dissolve to yield green solution 
due to the formation of hydrated chlorides of Ni and Co. 


MS--2HCI--O— MCI, -H,O 
(from nitric acid) 
[M=Ni and Co] 


(i) Nickel chloride in ammoniacal medium forms a red ppt. 
(chelete) with dimethylglyoxime. 


CH;—C=NOH 


NiCl,+2NH,OH+2 | —2NH,CI4-2H,04- 
CH,—C—NOH 
3: (6) 
+ 
CH,—C—-N N=C—CH, 
xA 
| Ni 
VAN 
CH,—C=N poc c 
о OH 


bis(dimethylgyoximato)nickel(IT) 


a 


Identification of Cationic Radicals 103 


(ii) Nickel chloride in presence of NaOH and Br, water 
yields black ppt. of Ni,Os. 


NiCl,--2NaOH-- NI(OH),-E-2NaCI 
2МКОН), –-ЊО + O--2Ni(OH); 
2Ni(OH),—Ni;O,--3H,0 


(ii) Cobalt chloride forms blue coloured complex with 
NH,SCN which is extractable into amyl alcohol. 


COCI,+4NH,SCN-+(NH,)s[Co(SCN)s]+- 2 МАС] 
(iv) K,Fe(CN), yields reddish brown ppt. with СоСЬ. 


3CoCl, -2K;Fe(CN); > Co,[Fe(CN).],-- KCI 


(v) When the solution is treated with excess of sod. bicar- 
bonate, cobalt forms a. pink coloured complex sod. tricarbo- 
natocobalt(IL) which on treatment with bromine water is 
oxidized to green coloured sod. tricarbonatocobalt(III). 


CoCl,+2NaHCO,+>Co(HCO,), + 2NaCl 
Co(HCO,),--4NaHCO;— Na,Co(COj), - 3H,0 4-3CO, 
sod. tricarbonatocobalt(IT) 
(pink) 
2Na4Co(CO),- Br,--2Na4Co(CO,); 1-2NaBr 
sod. tricarbonatocobalt(III) 
(green) 


Nickel does not form a complex with NaHCO, but on 
heating with bromine water, it is oxidized to black nickelic 
oxide. 


Br,--H;O-—2HBr t О 
NiCl,--2NaHCO;--NiCO; -2NaCLHH- H,O 1t- CO; 
2NiCO; О O—2NI(OH);-2CO; 
2Ni(OH),— NiO, t 3H,O 
(black) 
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4, Identification of Manganese To the solution ОЁ manga- 
nese chloride, sodium hydroxide solution is added. A white ppt. 
of manganese hydroxide is obtained which turns brown on 
exposure to atmospheric oxygen due to the formation of 
MnO(OH). 


MnCl,-2NaOH— Mn(OH); 
Br,+H,O—2HBr+O 


2Mn(OH),+O--2MnO(OH)+H,0 
(brown ppt.) 


(i) The brown ppt. of MnO(OH) on boiling with PbO, and 
conc. HNO, yields a pink colouration on dilution. 


PbO,-+ 2HNO,->Pb(NO,). + H,0 --(0) 


2Mn0,--H;,0 --(0)2HMnO0, 
(pink colour) 


(ii) With sodium bismuthate, in acidic medium, manga- 
nese(II) yields pink colour due do MnO," ion. 


2Mn**+BiO, + 14H—2Mn0, 4-5BP?*--7H,0 
(pink colour) 


5. Identification ој Zinc When zinc. chloride solution is 
treated. with caustic soda solution, a white ppt. of zinc hydro- 
xide is first obtained which when treated with excess of caustic 
soda solution goes into solution due to the formation of soluble 
complex sodium zincate. 


ZnCl,++2NaOH—-Zn(OH), + 2NaCl 
(white ppt.) 
Zn(OH),+2NaOH->Na,ZnO,+2H.O 
sodium zincate 
(soluble) 


(i) On passing H,S gas through sodium zincate, a white ppt. 
of ZnS is obtained. 


Na,ZnO,+H,S—ZnS+2Na0H 
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(ii) Acidic solution of zinc reacts with CuSO, and 
(NH4S[Hg(SCN),] to yield violet ppt. of Zn[Hg(SCN),] and 
Cu[Hg(SCN).l- 


(NH44H&g(SCN);]-- ZnSO, Zn[Hg(SCN)a] 
(NH,):[Hg(SCN),] -CuSO,— Cu[Hg(SCN),] 


(iii) When potassium ferrocyanide solution is added to zinc 
chloride solution, white or bluish white ppt. of zinc ferrocya- 
nide is formed. 


2ZnCl,-- KJ[Fe(CN) Znj[Fe(CN)4] --4KCI 
zinc ferrocyanide 


Analysis of Group V Cations (Ba*', Sr^* and Са“) 


As the volume of the solution obtained after the removal 
of Group IV cations аз sulphides is very large, it becomes 
essential to concentrate the solution and to remove the residual 
HS. Evaporate the solution to one-third of the bulk. Make it 
ammoniacal and then add а concentrated solution of 
(МН „СО, or solid (NH,);CO 3. Warm the solution. The forma- 
tion of a white ppt. indicates the presence of Group V cations. 
Filter and retain the filtrate for Group VI. The white ppt. 
may consist of carbonates of Ba, Sr and Ca Analyse the ppt. 
for Group V as given in Table 3.11. 


Notes (i) Freshly prepared concentrated solution of 
(NH,),CO, should be used for precipitating carbonates of 
Group V. Use of NH,Cl stops the precipitation of МЕСО». 

(ii) Warming of the solution is essential to make the ppt. 
granular. Boiling of the solution valatilizes (NH4&CO.. 

(ту White ppt. of CaCO, forms immediately from con- 
centrated solution but slowly from dilute solutions. 

(iv) 577" should only be precipitated with (NH4)SO solu- 
tion. Other soluble sulphates or dil. HSO, should not be used 
for the precipitation of 5:50,. With (INH4),SO;, however, Cat 
forms a soluble complex salt (NH4)sl [Ca(SO,).] and hence 
remains in solution. 
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Identification of Cationic Radicals 107 
Chemistry of the Reactions Involved 


1. Precipitation When ammonium carbonate is added to the 
ammoniacal solution of the filtrate obtained from Group IV 
the carbonates of Group V cations are precipitated. 


BaCl,+(NH,),COs;~BaCO,;+2NH,Cl 
(white ppt.) 
(same with SrCl; and CaCl,) 


When acetic acid is added to the carbonates of Group V 
cations, the correspontling soluble acetates are obtained. 


BaCO,--2CH,COOH--(CH3COO0);Ba4-H;0 + CO; 
(same with SrCO, and CaCO;) 


2. Identification of Barium With potasium chromate solu- 
tion the soluble barium acetate yields yellow ppt. of barium 
chromate. 


(CH,COO),Ba-+K,CrO,->2CH,COOK 4-BaCrO, 
(yellow ppt.) 


3. Identification of Strontium When ammonium sulphate 
solution is added to the soluble strontium acetate, the insoluble 
strontium sulphate is obtained. 


(CH,COO),Sr-+ (NH4)/80,— 2CH,COONH, + SrS0, 
(white ppt.) 


4. Identification of Calcium When ammonium oxalate is 
added to soluble calcium acetate, the insoluble calcium oxalate 
is formed. 


(CH,COO),Ca--(NH,,C,0,—2CH,COONH; + CaC,0x 
i (white ppt.) 
Analysis of Group VI Cations (МЕ "+, Na* and К) 


Concentrate the filtrate for Group VI by evaportion and then 
add (NH,,SO, and (NH,),C,0, solutions if Group V is pre- 
sent. Now boil the solution to ensure the complete removal of 
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Group V cations. If а ppt. appears, filter and reject the ppt. 
The clear solution thus obtained is evaporated to dryness and 
heated until all the ammonium salts have been volatilized. 
Analyse the residue left in the heating dish as given in Table 
3.12. 


TABLE 3.12 


Analysis of Group VI Cations 
(Mg?*, K+ and Nat) 


Treat the residue with 15 mL of water, stir, warm for 1 min 
and filter. 


Residue Filtrate 


Dissolve the residue in a few drops of dil. HCI Divide it into two por- 
and add 5-6 mL of water. Divide the solution tions First portion: 


into three parts: Divide it into 3 parts. 
(D To part I add а little of NH4Cl and (I) To part I, adda 
NH,OH in slight excess and then saturated solution 
Ма:НРОд solution. Shake and scratch of  picric acid. 
the sides of the test tube with a glass Formation of yel- 
rod. À white crytalline ppt. appears after low ppt. confirms 

few minutes, Dissolve the above white Kr. 


ppt. in a little dil, HCl. To this add a 
few drops of magneson reagent. Now 
add NaOH to make the solution alka- 
line. A blue colour or ppt. confirms 


Me. 

(ID To part Iladd a few a drops of titan (II) To part II, add a 
yellow solution. Make it alkaline with few drops of sodi- 
NaOH solution. Warm gently. A red um cobaltinitrite 
ppt. confirms Mg*+, solution. Forma- 


tion of yellow ppt. 
confirms K+. 


(HI) To part II, add a few drops of cobalt (III) Perform flame test 


nitrate solution. Soak a filter paper with Part III. 
cutting into this solution and ignite this. A  lilac flame 
If a pink ash of CoO.Mg0. is produced, which appears cri- 
this confirms Mg*+. mson through a 


blue glass con- 
firms К+. 
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Residue Filtrate 


Second Portion. Divide it 
into three parts. 

() To part I, add 
zinc uramyl ace- 
tate, shake it well, 
after few minutes 
yellow crystalline 
ppt. is formed, 
this confirms Nat. 

(i) To part I, add 
potassium pyroan- 
timonate solution, 
white рр. on 
scratching Con- 
firms Na*. 

(i) With part Ш per- 
form the flame 
test.. A golden 
yellow fíame con- 
firms Nat. 

Nat 


Preparation of Sodium Cobaltinitrite Mix dil. СН,СООН 
and NaNO, (solid) with a Сосђ solution and allow to stand 
until brown fumes have stopped to come off. 


Notes (i) The precipitation of Mg?* as Mg(NH;)PO4 is slow. 


` Therefore, scratching is done and time allowed before filtration. 


(ii) The filtrate of Group V should be concentrated by eva- 
portion for testing Ма". 

(iii) For testing K*, а freshly prepared solution of 
cobaltinitrite is used. 

(iv) NH,* gives some tests, of К”. Hence NH,” should be 
decomposed before testing for K^. 

(V) When both Na* and K* are identified by flame test 
only sodium flame becomes visible as it masks the flame due 
to potassium, but when seen through blue glass only crimson 


light appears due to potassium. 
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Chemistry of the Reactions Involved 


1. Identification of Magnesium The residuc dissolves in dil. 
НСІ and it gives magnessium chloride, which is soluble in 
water. Magnesium chloride forms a white crystalline ppt. of 
magnesium ammonium phosphate with disodiumhydrogen 
phosphate in the presence of NH,OH. 


MgCl, + Na,HPO,+NH,OH + 5H,0— Mg(NH,)PO, + 66,0 + 
(white ppt.) 2NaCl 


2. Identification of Potassium 


(i) With. setureted solution of picric acid, К+ ion forms 
yellow ppt. of potassium picrate. 


САМО ОН + K^—C,H,(NO;4OK --H* 
picric acid (yellow ppt.) 


(ii) With sodium cobaltinitrite, К+ ion form yellow ppt. 


NajJCo(NOJd-- 3K*—K, [Co(NO;),] --3Na* 
(yellow ppt.) 


3. Identification of Sodium 


(i) With zinc uranyl acetete, Nat ion forms yellow ppt. 


Ма“ --Zn?* --3H,COO--- 3UO.(CH,COO0),-9H,0— 
NaZn(UO;)(CH,COO),.9H,O 
(yellow ppt.) 


(ii) With potassium pyroantimonate, Nation forms white 
ppt. of sodium pyrontimonate. 


2Na* +KgH,Sb,O7->NagH,Sb,0,-+2K* 
(white ppt.) 
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ANALYSIS OF INSOLUBLE MIXTURES 


Some times the systematic analysis of the cations is not 
possible dué to the presence of insoluble substances (insoluble 
in conc. HCl or conc. HNO, or even in aqua regia) in the 
mixture. Such mixtures are called insoluble mixtures. АЛ 
insoluble substances can be analysed by using special treatment 
which is based mainly, on bringing them into solution by 
indirect methods. Insoluble substances have been classified 
according to their colour. 


Colour Residue 

White AgCI, PbSO, BaSO,, 5780, SnO, Sb,0," 
AkO», CaF, 

Yellow AgBr, AgI 

Green СО, Cr(SOJ)s 

Black HgS 

Red Бе О, 

Violet CrCl, 


The part which is not dissolved in conc. acids is filtered and 
washed with water. Analyse the insoluble residue in accordance 
with Table 3.13. 
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Specimen Record of Mixtur Analysis ` 


The method to bz NS D in recording DART is illustrated in 
the following examples. Pi ee 


Experiment to analyse the given mixture, 


S. Experiment Observation ^... Inference 


No. Voce dE "sn 
А Í 
Dry Tests j 1 ДЕ 
1. Note the colour of the  Bleish green - colour Си, Ni may be 
mixture. ¥ present. 


.2. Heat. the given mix- 2. White fumes with pun-.. Cl- may be 
ture.in а dry test tube. gent smell, give thick ^ present 
white fumes with |: 


АНАОН solution. | m 
3. Perform the flame test luish-green flame Cu ‘thay be 
with the given mixture. UE a present 
4. Perform {һе borax | Green bead when hot, Са may, _be 
bead "test with the + -blue when cold |... present ' $ 
mixture. Haj 
5. Heat the mixture with Red scales -< а "Са may . bé 
fusion mixture in char- . ‚1 present 
coal cavity in the P REIN 
reducing flame. ne 
.6. Did not perform the OU: 5 x 
cobalt nitrate test UNA PRAE 
because the residue boue 
was not white. тг 1 ; j 
7. Add dil: 9504 to the ..' No'action CO;'-, S*-, 
small amount of the 507, NOs, 
: etc. absent . , 


mixture. : : Ne 
8. Add conc. H3SO, to Colourless gas with 7 СР may be 
the small amount of pungent odour (НС) present 


mixture, . «evolvs and gives ^: . NIE 
thick white fumes. ~~ 
(NH4CI) with NH,OH 
solution. 


“Wet "Tests (Actd Radicals) : 


Prépare the clear and 
transparent solution, 


9 


M4 


10. 


11, 


12. 


. solution, 


14, 


16. 


17, 


18. 


. To the part M is 


To portion of the solu- 
tion, add dil. HNO» 
and AgNO; solution. 


To the given mixture 
add solid KgCrgO,+ 
conc. 504, heat the 
contents, pass the red 
vapours through NaOH 
solution (Chromyl- 
cbloride test). 


To another portion of 
0 add Вас 
S lution, 


. То, the given mixture 


add conc. H,SO, and 
ethyl alcohol. Ignite the 
vapours over the test 
Wet Tests (Basic Radicals) 


Heat the mixture with 
NaOH solution. 


Prepare the clear and 
transparent solution in 
water or dil ог conc. 
HCl. 


Since the mixture is 
soluble in water, add dil. 
HCI to it. 


Pass H4S gas through 
solution. 

Filfér the black ppt. 
айй dissolve in 50% 
HNO4. 


the above 
solution add dil. H;SO, 
and few drops of ethyl 
alcohol. 


To the remaining por- 
tion of solution add 
NHOH solution in 
excess, 
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White ppt. soluble in 
NH,CH solution 


Yellow solution; add 


CHCOOH and 
РУСНАСОО), solu- 
tion; yellow ppt. 


White ppt. of BaSO, 
insoluble in any mine- 
xa] acid 

A green-edged flame 


No МН; gas evolves 


No white ppt. 


Black ppt. 


Ppt. dissolves 


No white ppt. 


Deep blue colouration 


CI- confirmed 
Cl- confirmed 
SO, confir- 
med 

BO™ confir- 
med 

NH4* absent 


Group I absent 


Group II pre- 
sent 


Hg** absent 


Pb** absent 


Catt- may be 
present 
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21. То the above deep blue. Chocolate coloured | Cw confi 
solution, add : ppt. med 
CHCOOH and 
Kj4Fe(CN). solution, 


22. In the filtrate of solu- Chocolate coloured _ Cu'* confirmed 
tion in expt. 17, pass ppt. 
HS gas again and 
again till there is‘ no 
black ppt. 


23, For the removal of 
BO,*- anion, boil off 
H4S gas from the filt- 
rate of Group II. by 
evaporation and treat 
the residue with 3-4 
times of conc. HCI. 
Dissolve the residue in 
dil. НСІ and use it for 
Group Ш and others. 


22. Boit off the HS gas White gelatinous ppt. А+ may be 
from the above solution, Я у „present 
add solid NH,Ci+ 
conc. HNOs, boil it, 
cooland add NH,OH 
Solution in excess. 


25. Filter the white ppt. 
and dissolve the ppt. { 
in dil. НСІ. н 
26. To the above solution A Ъїйе-гей Take . “Al confirmed 
add blue litmus solü-' $n i 
tion, then drop by drop 
МОН solution üntil 
the solution 15 just 
alkaline. 


27. Pass HS gas through. - Grey ppt | - QGrouplV - 
the filtrate of Group III. present 


28. Dissolve the ppt. in Ppt. dissolves 2491 may be 
least amount of dil, НСІ. | present 


; M6 


Systematic Qualitative Analysis 


29. Boil off HsS gas, add First a white ppt.is — Zn** may be 


“NaOH ‘solution slowly formed which dis- ^" present 


in excess. solves in excess. | À 
30. Pass H,S gas in solution White ppt. : Zn** confirmed. 
in expt. 29. р 


Бән, 


Result: The given mixture no. . . . Contains 


Q.1 
Ans. 


Acidic radicals СІ, 504°, ВО“ 
Basic radicals Cutt, AI**, Zn** 


VIVA-VOCE 


Why is НСІ employed in flame test? 


The necessary condition for the. flame test is that only 
the volatile compounds of cations impart colour to the 
flame. Only metal chlorides are volatile whereas their 
sulphates, nitrates, etc., are not. Thus, HCI is used to 
conyert cations into their violatile chlorides, 


What is the principle of flame test? 


See text. I 


What type of flame is employed to perform the flame 
test? How is it obtained? 


A non-luminuous flame is employed by keeping the 
holes of the burner open. 


Why is a green. flame ;not- obtained in the case of 
barium sulphate or phosphate? 


Barium sulphate and phosphate are not. converted into 
chlorides easily. Therefore, the green flame is. either 
indistinct or visible with difficulty. 


i Why is platinum were employed in the flame test? 


Because platinum does not impart any colour to the 


, flame, and the’ platinum wire. is not attacked by conc. 


HCI even аа very high temperature, 
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Ans. 


(ii) Copper impart its own colour to the, йа! 


Can, we use iron or copper instead of platinum wire? 
No. The reasons are: deci a 
(i). Both are attacked by conc. “HCI. 


Do you know any substitute for, platinum wire? > 


. In place of: a platinum: wire, а “short length;nichrome 


wire may’ also be used. But, it is; not, ами 
substitute. pp шр ot vd 3 


A mixture of white colour when heated" becomes yellow 
but becomes white: Mn when. cold. Whiüt'does this 
indicate? milsagalish al tad oV .0 
The mixture may.contain-zinc.oxide ог any. zinc sala 


What is borax bead test?” 


See text. t 
What is the composition. or the bea 
in the borax bead fest? " 
It CORP of. a mixture of sodium metaborate ‘and boric 
anhydride. : 

Why is a small quantity uh ide eid used in the borax 
bead test? nad rol 


Because otherwise. ith 
opaque which in su sequent 
recognized easily.’ ! : 


Name the cations Whose quies are к” m 


| E ‘become 4 


‘tenement Cannot ыл 


бей in the 


charcoal cavity сира 28, oct domme sw ОЙК. ea 
these are Mj Sh and ^" because (he "oxides of all 


these metals A in thé cavity, are white ifi céld. 


Then how are these tested? Jd А 
By using the cobalt nitrate t test, ENS 


What is this test? Med 
A^ ~: * 

This i is a test generally тей if the white’ infusible 

residue is obtained in the charcoal cavity test. In this 
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^ Ans. 


` Systematic Qualitative. Analysis 


‘test, а drop of cabalt nitrate solution is added to the 


white infusible residue in the charcoal cavity. It is 
then heated by an oxidizing flame by means of a blow 
pipe. From the change in colour, the cation may be 
recognized. 

What is decrepitation? 


The crystals of certain substances containing. an enclo- 
sed moisture or gases (e.g. rock salt, fluorspar, etc.) are 
burst by the quick expansion of the moisture of gases 
and pieces are scattered about with a sharp crackling 
sound. This is known as decrepitation. у 
What is deflagration? 


. Certain oxidizing agents like nitrates, chlorates, etc. 


cause а very rapid cumbustion of glowing charcoal. 
This is known as deflagration. 


What is aqua-regia? Explain its functioning? 
The mixture of 3 parts of conc. HCland 1 part of 


, conc. HNO, (by volume) is called aqua-regia. 


HNO,--3HCI-H,O-- NOCI--2CI 
(nitrosyl chloride) 


In this reaction nitrogen is reduced (valency from +5 


to +3) and chlorine is oxidized (valency from —1 to 


zero). It is good oxidizing agent. 


Can H,SO, be used instead of HCI for dissolving the 


, Mixture? 


No we cannot use HSO, because (a) inoluble sulphates 
of Ba, Sr and Pb will be precipitated and will upset the 
‘whole scheme of qualitative analysis. 
Ba**+S0,*-—->BaSO, 

Sr*++-S0,-—>S:S0, 

Pb*++SO2-—->Pbso, 
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Ans. 


Q. 24 
Ans. 


Q. 25 
Ans, 


, 


(b) When H,S gas is passed through a solution con- 
taining H,SO, reduction of the latter will produce a 
lot of sulphur which is difficult to handle. 


H,80,-- H,S—2H,0--50,4-8: 
Can HNO, be used for dissolving the mixture? 


Nitric acid will not interfere іа fitst group but it will 
oxidize H,S, the group reagent of second group into 
sulphur which is undesirable. ET 


HNO,+ H,S—->2H,0+2NO,+8 


Why do you prefer ди. HCI for preparing original solu- 
tion of basic radicals? 


Because most of the salts are soluble in it except that 
of Group I. Further’ it does not interfere in the group 
analysis. 


Can we test the basic radicals from: the sodium carbo- 
nate extract residue? | 


Yes. 
How? | Жк + 


This can be used by dissolving the residue in dil. HCl 
and then proceeding as in the regular analysis, 


Why does lead соте in Group I as well as in! ‘Group I 


Lead is precipitated in Group Т as РЬСІ,. Since it is 
partly soluble in dil. HCl, a part of it goes into thc 
filtrate which is to be tested for Group И radicals. Thus, 
on passing H,S gas, it gives а black ppt. of PDs, 


PbCI,--H,S—-— PbS--2HCI 

How is HS gas prepared? 

See text. 

What do you understand by the term “group Miet? 


A group reagent is a chemical substance or a mixture 
of chemical substances which 15 used’ in precipitation 
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oo оба group of cations from, their solutions. A group 
s s) reagent contains an electrolyte having’ a common ion to 
that of the precipitated salt. 


Q. 26 Name the group reagent for the various groups. 
` Ans. See text. 


(0. 27 Can we use use conc. НСІ in place of dil. нај as group 
ERR Feagent for Group n у 


hee No, Bove PbCI, i is ‘soluble in conc. HChand there- 
fore, it is not precipitated i in Group L 


0: 28 Why i is it necessary to add на ‘before proceeding to 
77 "test Group II radicals? 


Ans... HClis added. to suppress the ionization of HS. Thus, 

бе lesser concentration of S*- ions is available which is 

% just sufficient to precipitate Group II radicals as their 

sulphides because their solubility products are low. On 

“yes ‘the other hand; the solubility products “of Group IV 

radicals are very high and ‘therefore they’ are not 
precipitated at all. 


Q. 29 Explain why the sulphides of iron, zinc and manganese 
ш. паге not precipitated i in Group II. 


Ans. These sulphides are not РЕШЕ because of their 
31 qu solubility products, and of. the. presence. of the acid in | 
the solution. In the presence of HCI (a strong acid) the 


ү, dissociation of H,S 15 reduced (on. account of the 

З common. ion effect) to such an extent that the concen- | 
tration of the sulphide jon is insufficient to let the 
solubility products exceed. Since substances are preci- 
pitated only when their solubility products are exceeded, 


the sulphides of iron, zinc ana ее аге пої preci- 
pitated. 


Q. 30 Why is the solution diluted in ыр II before passing 
Н, gas? 


лы. As the sulphides of б И ‘radicals аге soluble in 
‘gone. HCl, they will not be completely precipitated if 
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. the solution is strongly acidic. For complete’ precipi- 


tation of Group II the solution must be ‘sufficiently 
diluted with water. |. : КОЛ ; 


Why is dilution necessary in the case of cadmium? 


Cadmium generally creates difficulty, as. it is soluble 


„partly even in. dilute HCl. Its ;solution | has thus to be 
‚ diluted again and again and Н,5 ваз is төс until 


there is no precipitation, 


How does yellow ammonium sulphide “differ from 
ordinary ammonium sulphide? «cH А 


The yellow" ammonium sulphide [(NH,);S,] contains ‘a 
higher percentage of sulphur: than sls ammonium 


Ti sulphide. 


0. 34. y 


Апѕ; = 


0238 


33 How is it prepared? 


It is prepared by passing HS as in NH,OH (Y vol. 
NH,+2 vols. of H;0) i in which flowers of sulphur (10 g) 
are suspended, till a yellow solution is formed. | 
Why is white turbidity formed on diluting the Dilton: 
of ВІСІ, and SbCl,? 
These chlorides are hydrolyzed to keir E TA in 
excess of waters, which. are ipe out аза white ppt. 
or turbidity, 

МС; БНО; - MOCH-2RCl , ve _ (М— Bi and, Sb] 

(white ppt.) à : : 


Do you get ppt. on passing НӘ gas into any chloride 


. of Bi; Sb or 507. 


Ans. 


Yes, their corresponding sulphides are xp 
восі 2H,S- Bi -2H,0--2RCI 
(black ppt.) | 
2SbOCL-- 3H S $b,8, 1 2H,0--2HCI p 
(orange ppt) <i bisa 2110. mA 
SnOCI, -2H, S SS HO2HO. 
(yellow. РРЕ) : у 
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Q. 36. 


Ans. 


Q. 37 
Ans. 


Q. 38 


Ans. 


Q. 41 


Ans. 
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Why.isit. essential to remove assenic before testing 
phosphate radical? 

Phosphate is tested by heating the mixture with conc. 
HNO, and ammonium molybdate when a yellow ppt. 
of ammonium phosphomolybdate indicates -its presence. 
Arsenic also gives a yellow ppt. of ammonium arseno- 
molybdate under these conditions: and hence interferes 
with this test. The test for phosphate should be per- 
formed after removing arsenic as As,S, in Group П of 
the qualitative analysis. 

How is sulphate tested in the presence of silver? 


The test can be performed by preparing the solution 
of mixture in HNO, aud treating. with barium nitrate 
solution when only SO, will form а white ppt. of 
BaSO, and AgNO; will remain in solution. 
Some times light yellow or white ppt. is obtained in the 
Group If even in the absence of the Group. Why, it is 
so? | 
The light yellow or white ppt. is due to the oxidation 
of H.S into sulphur by certain oxidizing redicals, e.g. 
NOs, 507, Fe*, etc. 
2NaNO, --2HCI--H;S-»2NaCIH-2NO +2Н,0 +S | 
Na,SO, -2HCI--2H,S—2NaCI-- ЗН,О +38 | 

2FeCl,+ H,S—2FeCl,--2HCI--S 1 


Why is it essential to remove interfering radicals after 
Group II? 


See text. 
Why is it essential to boil off H,S completely before 
proceeding to Group III? 


If H.S is not removed, the sulphides of the Group IV 
will also be precipitated along with Group III radicals. 


Why is nitric acid added before the precipition of 
Group Til? 


Nitric acid is added to oxidize ferrous iron into ferric 
iron. 


3FeSO,+4HNO,-+Fe,(SO,),+NO+2H,0 


Ideniification of Cationie Radicals 123 


0.42 


Ans. 


Q. 43 


Ans. 


Q. 44 


Ans. 


Q. 45 


Ans. 


The oxidation of ferrous iron to ferric iron is essential 
due to the following reasons: 


(а) Бег“ is not completely precipitation as Fe(OH), in 
presence of NH,CI by addition of NH,OH whereas 
Fe? is completely precipitated as Fe(QH)s under 
the same conditions. ; 

(b) Further Fe(OH), is. oxidized slowly, to ferric 
hydroxide. Instead of getting a precipitate. of a 
definite colour, the precipitate. is . differently 
coloured. Moreover, Fe(OH), is green in colour 
like Cr(OH), whereas Fe(OH), is brown in colour. 
Thus, the colour of the precipitate of Fe(OH), helps 
to distinguish it from Cr(OH); Tn 

Why is a brownish ppt. obtained. in Group Ш even if 

iron, aluminium and chromium are not present? 

Теја due to the precipitation of Mn as MnO;.H;,O 

which sometimes gets precipitated in the absence of 

sufficient NH4CI. jeg ib 

Why is ammonium chloride added before adding 

NH,OH? Ped 

NH,CI suppresses the dissociation of NH,OH to such an 

extent that solubility products of Group V, are not 

reached and these are not precipitated alongwith the 
hydroxides of Group III radicals =" as fd 
NH,CISNH;* 3 CE 

ait мнонемне кон“ 

Why. is the large excess of NH4OH ayoided in Group 

Hp 

Because the hydroxides of Al and Cr are soluble in the 

large excess of МН;ОН., Therefore. the large excess of 

NH,OH is avoided. mul 

Why. can’t you. use (МИ ВО, instead of NH,Cl 

before adding, NH,OH in. Group, Ш of mixture 

analysis? : 

(МН 50, cannot be used because if the mixture 
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‚ contains barium or strontium as radicals, they will be 


Ans. 


Q. 47. 
UU CU NHOH аза group reagent for Group III? 
No. As NaOH isa strong electrolyte, its ionization is 


precipitated in Group ШЇ às insoluble sulphates. Thus, 


к the scheme of the analysis will be upset. 
Q. 46. 


Сап we add NH,OH first and then NH,CI? 


No, because the role of NH,Cl is lost. IF you add 
МНАОН before NH,CI, the radicals of Groups V and VI 
may be precipitated along with Group III. 


Can we use NaCl and NaOH in place of NH,CI+ 


not suppressed by NaCl. Hence, a larger concentration 


" of OH- ions is available which will exceed the solubility 


products of Group Ш along with Groups IV, V and VI 


: hydroxides. Thus, Group IV, V and VI hydroxides will 


also be precipitated in Group IIT: 
· Moreover, NaOH will also dissolve the white ppt. of 


` AOH), and Sn(OH) to form soluble NaAIO, and 
Na:Zn0;. 


0. 50 


АКОН), + NaOH NaAIO, + 26,0, 
Zn(OH),+-2NaOH—-Na,ZnO,+2H.O 
Can we test chromium m K,Cr,0; by its usual tests? " 


AUN 


How will you test. i 
In order to test it, HS gas a passed through acidified 
K,Cr,0; to reduce it to Cr(SO;), which can be tested 
for Cr as usual by adding NH,OH in the filtrate. 
K,C1,0;+ 3H,S + 4H,SO0,>Cr,(SO,),-+K.SO,+ 

71H40 4-38 


"What is the use'of/N4,O; or Br; water and NaOH in 


the separation of Group ПТ cations. 


The ppt. of Group III cations are as hydroxides. NaOH 
has по асйоп on Fe(OH); but Al(OH), and Cr(OH)s 


| from soluble aluminate and chromite respectively. 


Mi (OH), -NaOH-YNa MO,+2H.0 
(where M—AI ог Cr) 
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Ans. 


Q. 52 


Ans. 
Q. 53 


Ans. 


. NaO ог bromine water oxidizes chromite . into 


chromate (yellow colour solution) white. aluminate 
remains unaffected. 
Br,--2NaOH-* NaOBr+ NaBr- H,O 


2NaCrO,+ 2NaOBr--2NaOH- Na:CrO, ,. 
2NaBr--H;O 


How will you explain the addition of excess of NH,OH 


before passing H,S in Group 1V? 


The solubility products of Group IV radicals are greater 
than those of Group II radicals. Therefore, a higher 


‘concentration of S?- ions is required to preceipitate 


Group IV radicals as higher sulphides. Therefore, to 
get a higher concentration of 52 ions, H,S gas is passed 
in presence of NH,OH. The ОН“ ions from NH sOH 
neutralize the H* ions from H,S to, form undissociated 
water molecules. The removal the Htion causes more 


-HS to dissociate ог ionize, thus increasing the con- 


centration of S% ions and so the product [M*'] [527] 
exceeds the solubility products of the sulphides of Zn, 


Mn, Ni and Co and hence they are precipitated. 
(M-Zn, Mn, Co or Ni) 
2NH,OH=2NH,'+20H- 
Н,5=29'+5- 
2H^--20H-—2H;0 
How can the formation of a colloidal precipitate ‘be 
avoided in the zine group? 
Ammonium chloride must be present ја sufficient 
amount. Large excess of H,S should not be passed. 
Whyare all aqueous solutions of the cobaltous salts 
pink? 


АП aqueous solutions of cobaltous salts are pink due 
to the formation of [Co(H,O); "ion. 
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Suppose no black ppt. is obtained in Group IV, what 
doés this itidicate? 
It means that Ni and Co are absent. 


Sometime a black ppt. appears in Group IV even in the 
absence of Ni and Co. Explain it. 


Whien Fe?*is not precipitated completely in Group II it 
will be reduced to Fe*tby H;S which is then precipitat- 
ed as black FeS in Group IV even when Co and Ni are 
absent. 


FeCl,-+H,S->FeS +2HCI 


Why is МНАСТ essential in the precipitation of the 
calcium group? 


Ammonium chloride prevents the precipitation of 
Мрав MgCO; by the Group reagent (NH,),CO, by 
lowering down its dissociation into NH;* and СО 
ions. 

Does the excess of NH,CI interfere with the precipita- 
tion of the calcium group? 


Yes, the concentration of СО; is decreased due to the 
reaction 


2NH,*+CO,*"=(NH,),CO, 


to such an extent that the solubility products of Group 
V carbonates are not exceeded and therefore they are 
not precipitated. 

How will you remove the'excess of NH,CI before adding 
(NH,),CO, for the precipitation of Group V? 


This can be removed by heating the filtrate from Group 
IV to. almost dryness with conc. HNO,. Ammonium 
chloride is then decomposed according to the following 
equations: 
NH,CI+HNO,->NH,NO,+HCl 
NH,NO;+N,0+2H,0 
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Q. 60 


Ans. 


Q. 61 


Ans. 


Why is CaSO, not precipitated on adding ammonium 
sulphate to a solution containing Ca?*and Sr^*ions? 


CaSO, is not precipitated due to the formation of a 
complex with (NH,);S0,. 

CaCl,4-(NHjS0,— CaSO, -2NH,CI 

Ca$0,-- (NH4&SO, (NH4)4Ca(SO,),I 

; (soluble complex) 

Why is NH,OH added before adding (NH4&CO,, the 
precipitating agent for the calcuim group? 
Ammonium hydroxide reacts with any bicarbonate 
present as impurity in (NH,),COs. 

NH,HCO,4-NH,OH- (NH44CO; + НО 


The presence of bicarbonate is objectionable because 
the bicarbonates of Ba, Sr and Ca are soluble in water. 


While precipitiating the calcium group, it is; necessary 
to warm and not to boil the solution. Why. 


Due to the presence of bicarbonate ion as an impurity 
in (МН „СО, Ba*'and 512+ ions may form soluble 
bicarbonates. Warming decomposes these bicarbonates 
into normal carbonates which are precipitated. 


Ca (HCO,),->CaCO,;+-H,0+ CO; 


The solution must not be boiled otherwise insoluble 
carbonates with ammonium chloride are converted into 
soluble chlorides. 

CaCO,+2NH,Cl+CaCl,+ (NHy),CO; 

Why is it necessary to concentrate the filtrate of Group 
LV before testing for Group V radicals? 


If the solution is not concentrated, (МЕСО, gets 
hydrolyzed. 


128 


Systematic Qualitative Analysis 


.Q. 63 Can near veros in plass of (МН СО; in Group 


Ans. 


о. 


0.65 


| Ans. 


v? 


Tf NaCO, is used in place. of (NH,),CO,, it, will 
precipitate Group V: radicals as well as magnesium 
radical. The reason for this is the high ionization of 
NaCO, in water into Ма" and СО“. Now the higher 
concentration ог СО“. is available which exceeds the 
solubility products of Group V radicals as well as that 


. of и radical. 


Why. is it necessary to test Gli Y ТУДИ in the 
order of Ba, Sr and icd 


This ut is selected on the basis of the following 
facts: 


(a) Only the chromate of barium is insoluble in acetic 
acid whereas those of calcium and strontium аге 
soluble in acetic acid. 


` (b) Both barium and strontium form sulphates but 


calcium does not. ` 


(c) The:oxalates of barium, strontium and calcium аге 
insoluble. ' 


Why is only accetic acid employed for dissolving the 
Group V ppt.? 


It is due to the following reasons: 


(a) If H,SO, is used in place of acetic acid, Ba, Sr and 
Ca will be precipitated as their sulphates. 


(b) If the ppt. is dissolved either in dil. НСІ or in 
dil. HNO,, calcium will not be precipitated by 
adding (МН СО, because СаС,О, formed gets 
dissolved in both dil. НСІ and dil. HNOs. 


) ‘However, the-use: of CH;COOH is free from ‘the above 


difficulties. Hence, it is used for dissolving the Group V 
ppt. 
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Q..66 : How will you explain the solubility. of ашу ош 
in dilute HCI? 


Ans. When dilute НС! is added to M yc the 
: oxalate ions will combine with H* ions of НСІ to form 
feebly ionized oxalic acid. ; de 


HCISH*-4Cl- 


(feebly ionized) 


Q.67 What colours are produced in the flame by Ba, Sr and 
Ca? + 


Ans. These colours are as follows: ' is 


Radical `! ‘Colour with naked eye: е9 Colour through 
айс ҮЧ blue glass 
Ва ' Persistent apple green ` Bluish green ^ 
Sr Crimson ^^ | "Onmson '*? 
‘Cr Brick red "o^ Light green ^ 


Q.68 Why are Group V radicals sometimes) not precipitated, 
although present. in the solution, on the, adii of the 
Group reagent? nd 

Ans. It generally happens if the filtrate Sud the Group V is 
very dilute. In such a case, Wer is hydrolyzed to 
МНАОН and. ЊАСОл | 

(NICO, зао „нон, | 
nize” 'édhsidetably 


H,CO, being à week acid’ does not do 
20s. ions in the 


and;-therefore, the concentration: of C! 

solution» remains: : quite .. low: Hence » “the, solubility 
products! ‘of Group: V: carbonates, are. земно! and 
they are not precipitated. " 
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0:69. Why is a precipitate of magnesium carbonate пої 
formed along with the carbonates of Ba, Sr and Ca in 
‘Group, V? 


For precipitation, Ме? requires a higher concentration 
of CO, to get itself precipitated as МЕСО; which is 
insufficient in Group V due to the presence of NH,CI 
along with (МН) СО. The role of NH,Cl is to 
suppress the ionization of (NH,),CO,, thereby resulting 
in a lower concentration of СО“ ions due to the 


common, ion effect. 


NH,Cl22NH,--CI- 
(NH,CO, 2 2NH,*-- CO,- 


Ава © 


Q.70 How is magnesium precipitated in Group VI? 


Anss. When the filtrate from Group V is treated with diso- 
| dium hydrogen. phosphate, а white crystalline ppt. of 
M&(NH,)PO, is obtained. 
| MgCl, М№а,НРО, + NH;->MgNH,PO,+2NaCl 
0:71 What is a magneson reagent? 


Ans. His a 0.5 per cent solution of p-nitrobenzene-azo- 
resorcinol in 0.25 N NaOH solution. 


P-Nitrobenzene-azo-resorcinol 


Ө. 72... What is the use of magneson reagent? 


Ans. It is used for confirming Mg**ions. When magneson 

. , reagent is added to the filtrate obtained from Group V 

"and then made alkaline with NaOH; a blue ppt. is 
formed. 
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Q. T3 
Ans. 


Q. 74 


Ans. 


Q. 75 


Ans. 


0.76 
Ans. 


What is the formula of the blue ppt.? 

With NaOH, Mg?tions present in the filtrate obtained 

from Group V yield a ppt. of magnesium hydroxide. 
Mg^*--20H-— Mg(OH), 


On the ppt. of Mg(OH),, magneson dye is adsorbed io 
yield a blue coloured lake. 


Magneson -Mg (OH),-* Blue lake. 


Why are sodium, potassium and ammonium not preci- 
pitated.in any of the Groups from I to УП, ,,. 
Sodium, potassium and ammonium are not precipitated 
in any of the Groups from I to VI because these 
cations from soluble chlorides, sulphides, hydroxides and 
carbonates. 

Why is a pair of cobalt glasses used in the, flame. test 
for Кї? | 
If sodium is present in the mixture even аз. an impurity, 
the. reddish violet. flame of potassium is masked by the 
intense. yellow. flame of sodium. Two thicknesses ‘of 
cobalt glass completely absorb the yellow flame ої 
sodium. Therefore, the flame of potassium is observed 
through a pair of cobalt glasses, | i д 


Do you know any chemical test for K^? 


Yes, If sodium cobaltinitirite ма Со(МО Де, 15 added 
to the filtrate from Group У, the formation of a yellow 
ppt. of potassium cobaltinitrite confirms the presence of 
Kt | 


маси мод + ЗК КОЧОТ асі 
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Introduction 


The purpose of the qualitative analysis of an inorganic mixture 
is to identify its constiuent ions—anions (also called acid 
radicals) апа cations (also called basic radicals). The analysis 
may be performed by physical, physico-chemical and chemical 
methods. In chemical method of analysis, the constituent ion is 
usually converted into another compound of known characteris- 
tics and the parent ion is thereby inferred. 


Various techniques employed in qualitative analysis depend 
upon the quantity of the samples used for analysis (Table 4.1). 


Table 4.1 
Method of analysis, . . | Атоит of mixture 
à used (mg) 
Micro 500-1000 
Semimicro 10-100 
Micro Y 1-10 
Ultramicro <1 


Tee er UM Аре ут. 


Macro analsis and semimicro analysis are based essentially 
‘on similar principles, In semimicro analysis only the scale of 
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operations is reduced with certain modifications in the general 

technique to suit the small quantities of solids. and liquids to be 
handled. For example, in the macro, analysis, the precipitate is 
removed from the solution by filtration while in the semimicro 
analysis the operation is performed by Си Грана (Fig. 4.1) 


Advantica of Semimicro Qualitative Analysis 


There are as follows: 


(ї) Wasser consumption of chemicals, therefore, this analysis 
is economical. МАЧ 
. (ii) The space required. for keeping the apparatus is consi- 
: derably reduced. 


` (iii) The steps involved are less time consuming, e.g., filtra- 
tion, washing, evaporation, etc. 


^ (iv) Lastly, it is far safer, convenient and more pleasant to 
"s use. 


Semimicro Apparatus | iM 


Let us get familiar with the semimicro арага ‘which we use 
in the analysis. 


p Semimicro kit. It consists of semimicro\ apparatus 
mounted on a Wooden block: ce 4. i Ма 'apparatus, we have: 


6 баламы test n [or 10 Tan 
1 Semimicró oiling tube (60x 25 maa) 
2 Semimicro beakers (25mE) ; 

1 Cönical fläsk (10 mL) 

1 Pórcelain érucible (10 mL) 

1 Test tube holder 

1 Gas delivery tube 

2 Droppers |. 
1 Semimicro s 
1 Glass rod (75x 2 ei 
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а. 
2 
5 
а. 
77 


DROPPER 


CRUCIBLE 


^. „ЅЕМІМІСАО TEST 
222 Tuse 


>. 
Fig. 4.2. Semimicro kit. 
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2. Heating block or water bath. Heating or boiling of the | 
solution in a semimicro tube directly over the free flame should 
be avoided as it leads to bumping of the solution. The tube 
may, however, be heated from the, side while it is kept in a | 
circular motion (Fig. 4.3). It should Бе withdrawn periodically 
and shaken gently. l = 


Fig. 4,3. Heating the solution from side. 
AY 


af 


© 


should be carried out either in a metal heating block (Fig. 4.4) 
orina water bath fitted with a metallic ; disc having holes to 
accomodate the tubes containing solution (Fig. 4.5) 


© с 


The warming of the solution, during semimico analysis, 


: мч = 
m Я v 
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Fig. 4.4, Metal ‘heating block. 
iU 11 | ЫП! d 


3. Centrifuge machine. In semimicro analysis, the precipitate 
is separated by’ centrifugation instead. of time-consuming 
filtration technique. For this purpose, we use à centrifuge 
machine which may ђе hand operated (Fig. 4.6) or electrically 
operated (Fig 4.1). Its; operation is based оп the principle of 
centrifugal force... ^ 
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WITH HOLES 


х METAL DESC 


7 


Fig. 4.5. Water bath fitted with a metal disc having holes. 


—— 


19 
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1538 
OV3H ^. - 19 3801. 
3914181432 КОЛДЕ ТҮГЕ, 


SNINNNY NIHM: = 
384 390315139 
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Smt 


Fig. 4.7. Centrifuge tube. Fig. 4.8. A wash bottle. 


4. Centrifuge Tubes. There arc corning or pyrex glass tubes 
with tapered bottoms (70mmx 10mm. of 3-5mI. capacity) (Fig 
` 4.7). These are employed for separating the ppt. from the solu- 


«tions. The advantage in using this tube is that. the ppt.is more 
clearly visible and identifiable. 


5. Wash bottle. A polythene bottle (capacity 250 mL) fitted 
with a fine jet (Fig 4.8) is usually employed as a wash bottle. 
Just by sequeezing the bottle, a fine stream of water comes out. 


6. Burner cap, Sometimes it is 
flame for low heatin 
burner (Fig. 4.9), 


necessary. to reduce the burner 
8- It is done by putting а burner cap on the 


| 7. Reagent bottles. Cylindrical bottles (50 mL capacity) fitted 
with droppers and teats are used to kept the reagent solutions 


[Fig. 4.10, (a)]. Strong acids and solvents are kept in dropping 
bottles [Fig. 4.10, (b)]. 
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(a) (b) 
Fig. 4.9. Burner with cap. Fig. 4.10. Reagent bottles. 


8. H,S Generator. Generally Kipp's apparatus [Fig. 4.11, (a)] 
with a tube having a fine capillary drawn at the end 
[Fig. 4.11, (5)] is used. The gas comes out under pressure and 
interacts with the test solution. 


= 


P —T-HjS GAS . 
RÜBBER CORK 
IRON SULPHIDE,» 


-SULPHURIC . ^ 
ACID * ji 


Fig, 4.11(а), Kipp's apperatus for generating HS gas. 
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© 


РА У 


Lan 


CAPILLARY 


Tre vem wu com t 


SEMIMICRO 
TEST TUBE 


Fig. 4.11 (b). Capillary for passing #55 gas. Fig. 4.12. Semimicro 
ы, brushes. 


9. Brushes. The small size brushes (Fig. 4.12) are used for 
cleaning semimicro test tubes, centrifuge tubes ete, 


ANALYTICAL OPERATIONS 


re ey 


1. Addition of Reagent ^ 
(a) Liquid reagents poss reagents are always added 


drop-wise. The tip of the reagent dropper should not touch the 
reaction vessel, while reagent is being added. 
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(b). Solid. reagents Solid. reagents are added by a micro 
spatula. 


2. Heating and Evaporation. The solution in a semimicro test 
tube or centrifuge tube cannot be heated over a free flame owing 
to the ѕеггіоцѕ chances of bumping in such a narrow tube. 
Therefore, heating block is used for the heating puposes. A 
number of solutions cam Бе, simultaneously heated on the 
heating block. jn Я 

Forevaporation, semimicro boiling tube ог small crucible 
may be used and heated by placing overa proper place on the 
heating block. 


3. Precipitation It is. carried) out in centrifuge tube or in 
semimicro test tube. During precipitation, the reagent should be 
added dropwise with the help of a dropper or reagent bottle. 


4. Centrifugation The following points should be kept in 
mind during centrifugation. 


(i) Fill centrifuge tube upto 2/3 of its height with the liquid 


and place in the bucket. 

(ii) The balancing tube is prepared as above with water and | 
placed in the bucket which is diametrically opposite to 
the first one. 


(iii) The centrifuge should be started slowly and smoothly. 
Bring it to its maximum speed in a few seconds and 


keep it as such for half a minute. 
(iv) Release the hand or switch. off and allow the, centrifuge 
(о come to rest by self, Take out the centrifuge, tube 


from the bucket. 


Advantages of Centrifugation 


(i), Centrifugation is quick while filtration is slow. 
Gi) The precipitate gets concentrated in а small space in 
centrifugation and hence can be readily observed, 


144 Systematic Qualitative Analysis 


Gii) The washing of precipitate can be carried out repidly 
and efficiently. 


_ 5. Washing of the Precipitate, After centrifugation the clear 
supernatant liquid is called centrifugate, which can be removed 
with the help of a. capilary dropper. Now. the ppt. is washed 
with distilled water. Add, 5-10 drops of distilled water in the 
centrifuge containing the ppt. and mix thoroughly with stirring 
rod. The mixture is; then centrifuged and the clear supernatant 
liquid. is remoyed by a capillary dropper, 


6. Dissolution and Transference of the Precipitate For 
dissolution, the reagent is added to the centrifuge tube containing 
the ppt: arid warmed. If the ppt. does not dissolved completely 
the tube is warmed and undissoved substance is reparated by 
centrifugation. The ppt. is transferred from one tube to another 
by using a semimicro spatula. 


ANALYSIS OF ACIDIC RADICALS 


The acidic radicals are classified as in the case of marco analysis. 
The water extract (W.E.) and sodium carbonate extract (S.C.E.) 
of the mixture are prepared as follows: 


‘Preparation of W.E. 


Take 10-20 mg of the mixture in a test tube (tt). Add 1-2 mL 
of distilled’ water. Shake throughly, boil for about Imin and 
centrifuge. The centrifugate is called W-E. 


Preparation of S.C.E. 

Take 40-50 mg of the mixture. in. a boiling tube (or semimicro 
beaker). Mix it with 150-200 mg of Na,CO,. Add 5 mL distilled 
water and boil for 5 ‘min. Centrifuge and the centrifugate is 
known as S.C.E. | i | 
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Analysis of First Category Anions with Dil. H,SO, 


Take 10 mg of the mixture in a t.t. Add toit 5 drops of 5 N 
H,SO,, stir well and observe the following: - 


(1) If a colourless and odourless gas evolves, сог - may ђе 
present ў | 


CO,?-+2H+—>  CO,+ +Н;О 


(colourless, 
odourless) 


Confirmation of CO;?- 


(a) Take 10 mg of the mixture on a watch glass. With the 
help of a dropper, add 2-3 drops of 5 № H,SO, gently over the 
mixture (Fig. 4.13). Brisk effervascence ‘with a hissing sound 
shows the presence of CO;"-. 


(b) Take 10 mg of the mixture ina t.t. and a few drops of 
lime water ina gas trap (Fig. 4.14). Add 5-6 drops of 5N 
H,SO, in the tt and attach it with the gas trap. Heat gently 
when the lime water turns milky due to the formation of 
CaCO;. On passing excess of CO, the milkiness disappears 


МОРЕ еке 


WATCH GLASS 
5L Bigs 413:: Test for бойо #1922 4 97 


f 
04 


4 
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GAS TRAP 


LIME WATER 


C0; + H2S0, 


Fig. 4.14. Lime water test for CO,t-. 


due to the formation of soluble Ca(HCO;),. 50“ also gives a 
similar test (see combination tests for distinction). 


Ca(OH),+CO, > CaCO, +H,0 


lime water * . (milkiness) 
CaGO,+H,0+ CO, = Ca(HCo,), 
(excess) (soluble) 


Ca(OH), +S0, > CaSO,+H,0 
CaSO,+HjO+S0, = Ca(HSO,), 


(2) If an odour of ‘vinegar is produced, CH,COO- may be 
present. 


CH,COO-+H+->CH,COOH 
(vinegar odour) 


Confirmation of CH,COO- 


(а) To 5 drops of -W:B, in a-test tube add 2 drops of neutral 
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FeCl, solution when a red colour is produced due to the 
formation of ferric acetate. 


3CH,COO-+ Fe*+——>(CH,COO),Fe 
(red colour) 


(b) To about 0.5 mL of W.E. in a t.t. add 0.5 mL of fantha- 
num nitrate solution followed by 0.5 mL of iodine solution and 
4-5 drops of NH,OH. Heat to boil when the appearance of 
blue colour confirms the presence of CH,COO-. 


(3) If а colourless gas with a smell of rotten eggs. is eVolved, 
S?- may be present. 


S$-«2H'—— HSt 
(rotten egg smell) 


Confirmation of S?- 


(а). Expose a small piece of filter paper soaked in a lead 
acetate solution to the ensuing gas. The paper turn blacks’ due 
to the formation of PbS. 


(CH,COO),Pb+H,S—+PbS+2CH,COOH 
(black) 


(b) Place one drop of S.C.E. on a spot plate and add to it 
I drop of sodium nitroprusside soln. A violet colour produced 


shows the presence of 8%: 
S?---[Fe(CN)sNO. 2-_->[Fe(CN)sNOS]*~ 
nitroprusside (violet colour) 
soln. 


(4) If a colourless gas with 


a suffocating odour is evolved, 
SO,- may be present. 


S0,-42H*+ 50,1 НО 
| (suffocating : 
«у odour) 


7148 Systematic Qualitative Analysis 
*Confirmation of 50,“ · 


(a) Expose a small piece of filter paper dipped in acidified 
K,Cr,O, soln. to the ensuing gas. The paper turns green due 
to the formation of Cr,(SO,)s. 


` Ст“ -380,4-2H*—-— Cr,(SO,),-+H,O 


(5) If a colourless gas- with. a suffocating odour is evolved 
and a white or yellow ppt. of иг is deposited in the solu- 
tion; 5,047 is present. 


S20; 2H*—— 80,18 | +H,0 
Confirmation of 5,0, | 


(Take 4-5 drops of S.C.E. ina t.t. Acidify with dil. HCl, HNO, 
-or CH;COOH, Add 4-5 drops of AgNO, soln. A white ppt. 
rapidly changing to yellow, orange, brown and finally black is 
obtained. The colour changes are due to the formation of silver 
thiosulphate which -subsequently decomposes, to black silver 
sulphide. 


' S,0,---2Ag*—  Ag,S,0, 


Ag,S,0,+H,O—> Ag;S + H$S0; 
(black) 


(6) 1f light brown fumes with a pungent odour are cvolved, 
Дег тау Бе e Present 


à 


“INO; + 2H+—>2HNO, 
3HNO,— H;O--HNO;--2NO + 


2NO--0,—2NO, | | 
7998 (brown) 


P» 
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Confirmation of МО, 
99.9 01182110100 suld A 
(a) Take 2 drops of W.E. in a grove tile. Add 2 drops each 
of sulphanilic acid апа a-naphthylamine. Formation of a red 
azo dye confirms the presence of МОТ, 


SULPHANILIC ACID з 


но;в-(Суучн=н-оос. сна» 2M 211 (1) _ 
(ој || 
i2 Je nose 


€-NAPHTHÜLAMINE Vo chia 


Hoas -{O))-W=N O мн; + CH COOH 


(RED А20 DYE) ogon cermin (9) 


| РА Vi o qow 
(7) If а colourless gas with а smell of ‘bitter almonds'is 
evolved, CN-, may be present. 


CN-++H*t—>HCN t 


Confirmation of CN- ` 


(a) Take-4-5 drops of БОЈЕ. їп a tt. Acidify with dil, 
CH,COOH: Add: 4-5 drops of NaOH and: FeSO, solütion. 
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Boil the solution and add dil. НСІ followed: by FeCl, solution: 
A blue colouration or ppt. confirms cyanide. 


Fett 6CN7—+[Fe(CN),]*- 
[Fe(CN),]* +-4Fe**——-Fe,]Fe(CN)o]s 
(blue) 


Analysis of Second Category Anions with Conc. H,SO, 


Take 10 mg of the mixture in a t.t. Add to it 3-4 drops of 
сопс. H,SO,. Heat on a gentle flame and note the following: 


(1) If a colourless.and pungent smelling gas evolves, CI- may 
be present. 


CI -H*—-HCI 4 
Confirmation of СК 


(a) Take 10 mg each of the mixture and solid Мао, in a t.t. 
Add 3 drops of conc, H,SO, and heat on a gentle flame. А _ 
greenish yellow gas evolves showing the presence of C17 


“мМаО,+4НС1——>МаС1,—>2Н,--С1, t 
1 (greenish 
yellow) 


(b) Acidify 2-3 drops of S.C.E. with dil. HNO, and add 2-3 


drops of AgNO, soln. A curdy white 1 
рз ol 7 ppt. of AgCI is formed 
which dissolves.in NH4OH. soln. : 


CI--FAg*——AgCI 4 
(white) 


(soluble complex) 


Ü (Q9. Chromyl chloride test Mix; 5- mg. об the: mixture with 
0 mg, of K,CrO, їп а tet, Add. 3«4 drops of cone. H,SO,. 
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Hang a drop of NaOH solni оп the flattened’ оба glass rod 
(Fig. 4.15) and:hieat gently; The drop becomes yellow. Transfer 
the yellow drop: in a-test>tube.: Add: 1 drop: of 55N CHCOOH 
soln. warm and add one дгор ов lead ‘acetate‘soln. A’ yellow’ 
ppt. of lead chromate is formed confirming the presence of Cl” 
in the mixture. 


4CI- СО +6H,SO,—>2Cr0,Cl, +6HSO, +3H,0 
chromyl 
chloride 
CrO,Cl, 4-4INaOH—-— NaCrO;+-2NaCl+2H,0 
(yellow) 


Na,CrO,--(CH,COO);Pb— PbCrO, | +2CH,COONa 
(yéllow) 


(2) If reddish brown fumes with a pungent’ odour evolve, Br- 
may be present. 


2Br-4-2H*- (0) — Br, t +H:0 


The fumes increase on:addition:of a pitch of MnO, to the 
reaction mixture. 


Confirmation of Bt^ 


(a) Expose а srnall piece of filter paper dippéd in fluorescein 
soln. to the ensuing fumes. If the yellow spot on filter paper 
turns red, Вг“ is present. Brown vapeurs.of NO, do not give 
this test but I^ interferes, 


(b): Acidify:2-3:drops of S.C. E; withedif. HNO, and 44@ 2-3 
drops: of AgNO}. soln: А pale: yellow ppt: of AgBr partially 
soluble in-NH4OH results: : 


Br-+-Agt——>AgBr } 
(pale yellow) 


AgBr-+2NH,OH++[Ag(NH,)s1Br-+2H,0 
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t.c (c)-Acidify 3-4 drops of S.C.E. with.dil. HNO; and аай: 5; 
drops of a.solvent like СНС, СС or CSa: Now ада chloririe; 
water while »shaking.:The | solvent ‘acquires an orange colour: 
due to: the extraction of bromine. | 


2Br--++2Clg——>2Cl--+ Bra 
(orange) 


GY If violet fumes condensing on the sides of the tit. evolve, 
I- may be present. i 
£y 2L -2H *--(0)—— БЕНО 
Confirmation of I- | 
(a) Expose а small piece of filter paper dipped in starch soln. 
to the evolving vapours. If it turns blue owing to the formation 
of starch-iodine complex, I- is present. КЕ 


(b) Adidify 2-3 drops of S.C.E. with dil. HNO; and add 2-3' 
drops of AgNO, soln. A yellow ppt. of AgI insoluble in 


NH,OH results. | 


I-rAg'—-*AgIL4 
(yellow) 


| (c) Acidify 3-4 drops of S.C.E. with dil. HNO, and add 5, 

drops of a solvent like СНС, CCl, or CSa. Now add chlorine 
water while shaking. The solvent acquires а violet colour „due 
to the extraction of iodine, | 0 то 


ба Зов ob UV раже topic 
(violet) 


(4).1f light brown fumes evolve, МО, may be present; The 
fumes neither condense. on. the sides of the t.t; nor ‘respond to 
и iique test (distinction from brown fumes evolving from 

г). 
‚ Мог t-H*—HNO, 
4HNO,——4NO, + +0,4+2Н,0 
ў { (brown): c cotes 
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Ре 


Confirmation of МО,“ | 


(а) Take 10 mg of the mixture inatt Add 5 drops of conc. 
H,SO, and a piece of copper turning. Evolution of copious 
brown fumes shows the presence of Мог. 


a vacas ov 


МО: Н+ —3HNO, 
Ci-HBNO,— CuUNDQEEZNO, { Ф 


uu Я: 

(b) Brown ring test Take 0.5 mL of W.E. in tt. and add 0.5 
mL of freshly prepared ferrous sulphate soln. followed by 3-4 
drops of conc. Н,50, Ђу the side of the test tube. А brown ring 
forms at the junction of the two liquids. 


E 
6Fc** --2NO,7 L8H*— 6Fe"--2NO ^ +4H,0 
Fet++NO—[Fe(NO}™ | 
(brown) 


(с) Take 2 drops of W.E. in a grove tile. Mix it with 10 


mg of zinc dust (to reduce МО жю NO7). Now add 2 drops 
ylamine. Formation of a 


fence of NO, . 


eash of sulphanilic acid and o-na 
red coloured azo dye confirms the pi 


Sio; АНЕ ів E2H,0 
(from tt.) ^." (ойу drops) 


Confirmation of F- 


(a) Acidfy 5 drops of S. CE. with 5 N CH,COOH and add 
2-3 drops of CaCl, soln. Heat for about 1 min when a white 
ppt. of CaF, appears showing presence of F. 


H 
УЧЕ ois 
© 


2 CaCk S CUR t sacr b. pi 
(white) > 250b „ПР 
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NaOH 
MIXTURE + CONC. 
H2S0, 
K2Cr2 0> 


Fig. 4.15. Hanging drop device for testing Ci-, 


FLATTENED 
END OF 
ТНЕ ROD 
Ho Sif + 


MIXTURE + 510; 
7 + CONC. H5SO, 
Fig..4116. Hanging drop device for testing F=, 
(C,0,* also gives a similar test. But the white ppt. of CaC,O, 


is soluble in dil: HSO; and the clear soln. decolorizes KMnO, 
soln. CaF, does not respond to this test.) 
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(b) Take 10-mgofthe mixture.in.a t.t; and mix with an 
equal amount of sand. Add 3-4 drops of сопс. H,SO, and 
heat. Hang a drop of water on the flattened end of a glass rod 
and expose it to the evolved gases. A white waxy deposit of a 
mixture of hydrofluosilicic acid (H,SiF,) and silicic acid 
(H,SiO;) formed on the glass rod (Fig. 4.16) shows the presence 
of F~. | 


F-+H'—>HF 
510, +-4Н2Е—— SiF,--2H,0 


3SiF,+3H,0——2H,SiF.+H,SiO, 
(white waxy. deposit) 


(If a colourless gas is evolved; ‘but burns with: a раје blue 
flame, СО? may be present.) 


сло, =+2Н+*-=Н,О+СО‹+ЕСО, 
Confirmation of СО 


(а) Take 10 mg of the misture in a t.t. and add 5-10 drops 
of conc. H,SO,. Heat till the effervescence ceases. Add about 
5 mg of MnO, when brisk and:persistent’ effervescence indicates 
C,0,2°: 


Сао HAA Н,0,00 


Mn0;4-H,SO,--H4C;O,—Mn80,-2H,0--CO; we 
i | (effervescence) ^ 


(b) Acidify 5 drops of S.C.E. with 5 N CH,COOH and add 
2-3. drops.:of. CaCly soln, Heat for about 1 miniwhen a white 
ppt. of CaC,O, appears. Centrifuge and-wash:the residue with 5: 
drops of water. Reject the washings. Dissolve the residue in 5 
NH,SO,, heat and add 2-3 drops of very. dilute: (0:017) 
KMnO, soln. The disappearance of pink colour of KMnO, 
shows: the presence of 0,7: i 


С,0,2-+ CaCl,—-—CaC0, f. 42Cr 
| (white) 
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di CaC;O,--H;S0,—- CaSO, -H,C,O, 
2 ‚ PRMn0.+3H,SO,+5H,C,0,— : K;S0,+2MnS0, +. 
D dig v 15 6; 10CO, --8H,O 


s (7) If colourless gases are evolved with a smell of burnt 
sugar and mixture starts charring rapidly, tartrate, (C,H40,-) 
may be present. 


Confirmation of С.Н,О;2- · 


(a) Neutralize 5-10 .drops of S.C.E. with 5 N CHCOOH, 
heat and add NH,OH till it smells of ammonia. Boil the 
solution. to expel excess of NH. 


Take 5 drops of AgNO, solution and add very dilute 
solution of NH,OH until the Ppt. AgO is nearly redissolved. 


Mix the above two solutions and warm. A bright silver 
mirror confirms C,H40,?-. r 
2Ag*+20H —AgO--H,O 
5Ag,0-- CH,O,2— > 10Ag+4CO,+H,0+20H- 
(b) Neutralize 5-10 drops of S.C.E. as above and add 1 drop 
of FeSO, followed. by 2-drops of 20 vol. H,0; and 5-10 drops of 


NaOH. solution and a drop of FeCl; solution, A deep violet or 
blue colouration confirms tartrate. 


(8) 16 colourless gases ате evolved With slow charring and 
Solution darkens Slowly; citrate (C,H:;0;-) may be present. 


Confirmation of C,H,O > 


(a) Citrate also gives silver mirror test às tartrate but citrate 
gives this test on boiling the Solution. 


(b) Neutralize 5-10 drops. of S.C.E. as in tartrate and add 
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5-10 drops of CaCl, solution. On boiling the solution a crystal- 
line white ppt. confirms citrate... зина A (КЕ ДУ ee 


3Са2+--20, 460 =—=->Са (Сао), 


(9) If a yellow gas is evolved with a smell of Cl, gas in 
cold and on heating cracking sound is heard, chlorate (CIO; ) 
may be present. y 


ЗСО; -H2H*—-—2CIO,-- H5O -CIO,- 


Confirmation of СТО,“ 

(a) Neutralize 5-10 drops of S.C.E. with 5. N HNO, and add 
2-4 drops of AgNO, and H,SO; solution. А white ppt. confirms 
СІОз- NN ў d 


| 
NaCIO, 4-2H,$0,—— NaCI--2H,$0, 
NaCl--AgNO,—— AgCI--NaNO; 
(b) Take 5-10 drops of W.E. or S.C.E. and add 5 drops of 


conc. H,SO, and 5-10 drops of aqueous solution of aniline 
sulphate. A deep blue colouration confirms СІО;. 


Analysis of Third Category Anions 
(1) Identification of 50, | 


Acidify 2-3 drop of S.C.E. with 5 N HCl and add 2-3 drops 
of BaCl, soln. A white ppt. of BaSO; (insoluble in сопс, HC! or 
conc. HNO;) confirms the presence of SO 


$0,2-+-BaCl,—>BaSO,4 +2Cl- 
: (white) 


(2) Identification of ВО,“ „ОЧ lo меба (€ 


-. таке:10 mg-of the. mixture in a:tst, апа add 5 drops each of 
alcohol.(methylor:ethy] and: conc, Hs80,; Ей. фе jet tube in 
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the:mouth; of the: tit: Неа gently and bring the jet near the 
flame (Fig. 4.17). A green flame.confirms the presence of ВО“. 
'BO,*--++3H*—> ЕВО 
H3BO;--3ROH—— B(OR); + 3H,O 


(green) 
(where R=CHy or-C;Hs) 


(We GREEN FLAME 


MIXTURE CONC. 
H2504 + ROH. 


Fig. 4.17. Test for borate. 


(3) Identification of PO,?- 


. а) Kdd'5 drops оѓ conc./HNO; to. 2-3 dropsiof S:C:E. (or 
about’ 5-6 твог ‘the fixture). Heat to ‘boiling when a canary 
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yellow 'рр!. of ‘ammonium: pliosphomolybdate. appears slowly 
showing the presence of PO,° in the mixture. 


PO,*---3H*— HjPO, 


H,PO,+12(NH,),MoO,+21HNO,—+(NH,)sP.Mo,,0,0 } + 
(canary yellow) 


21NH,NO,+12H,O 


(b) Neutralize 5 drops ofS.C.E. with dil. HCl and add 3-4 
drops of zirconyl nitrate soln. when . a white ppt. of zirconyl 
phosphate appears confirming the presence of РОД“ in the 
mixture. 


Combination Tests 


As it has been said' earlier thát combination tests are perfor- 
med when one anion interferes. with: «ће detection | of other 
anion. 'Зоте висћ combination tests are.given below: 


(D СО,2- in presence of SO, 


Take 10 mg each of the mixture. and K3Cr,O, in a t.t. Add 
5 drops of 5 N H,SO, Take lime water in a gas trap and fit’ it 
in mouth of the t.t. Heat the tube gently. It the lime water 
türns milky, CO;?- is present. On the other hand, ‘SO, produced 
by the decomposition of ‘SO,’ reduces K,Cr,07 to’ тед 
coloured chrómic sulphate. 


(2) МО; in presence of МО,“ 


Boil 1 mL of W.E. with 20 mg of NH,Cl to decompose МО;“. 
Continue the boiling till effervescence ceases. : 


NO,---NH,CI—N, + --2H,0--CI* 


160 Systematic Qualitative Analysis 


xw Test а drop of this soln. with. acidified: starch iodide paper 
for the complete removal of МО: In absence of NO; , the 
paper does not acquire blue colour. 


_ 2I--2NO,-H2H*—2NO-- H,O +1, 


Met Starch—-—- Blue complex 


To the soln. in a grove tile, free from NO,-, add 10 mg of 
zinc dust (to reduce МО,“ to NO,-). Now add 2 drops each of 
sulphanilic ' acid and a-naphthylamine. Formation of a red 
coloured ато dye shows the presence of NO,-. 


(3) CF, Вг- and I- in presence of each other 


(a) Take 5 drops of S.C.E. in a semimicro crucible or 

beaker. -Acidify with dil: HSO; апа: add a few drops of conc. 
'H;SO, followed by 20 mg of NaNO,. Heat till the entire iodine 
is given off (indicated by. disappearance: of violet.colour). Now 
add Na,CO, powder (to make the soln. alkaline to fix up HBr) 
followed by a few drops of conc. HNO,. Brown fumes evolve if 
Вг 15 present. Continue heating and adding НМО, dropwise 
till the soln. becomes colourless. Now add AgNO, soln. The 
appearance of white ppt. shows the presence of Cl-. 
(b) Neutralize.5 drops of S CE. with dil. НСІ. Add a few 
drops of CHCI, ССІ, or CS, followed by chlorine water with 
shaking. If the solvent acquires violet colour,-I, is present. 
Continue adding more chlorine water dropwise and shaking till 
the violet layer disappears. If the layer assumes orange colour, 
Вг- is present. 


(зе 
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(4) $5, 50,2, S,O,?- and SO in presence of each other 


Take 10 drops of S.C.E. and shake it with 10 mg of CdCO,. 
Heat for 1 min and centrifuge. 


| | | 


Yellow residue. Centrifugate 
S?- canfirmed Acidify with dil. HNO, 
S'---CdCO;,—CdS | --CO;- add BaCl, soln. and 
(yellow) | centrifuge. | 
I Y 
Y Y 
White residue Centrifugate 
May contain 50,77 and May contain. S40, 
SO,?-. Add dil. НСІ Acidify with dil. HCl. 
(excess) and centrifuge. A white ppt. confirms 
5,0. e 
Y ANNUM 
White residue ^. ,Centrifugate- : 
50,27 confirmed May contain SO- Add 
SO4?- --Ba?*— BaSO. | afew drops of bromine 
(white) water add shake. Formation 


of a white ppt. confirms SO4'- 

S05'---(0)— 8047 

80,—+вВа"—=Вазо, | 
(white) 


(5) NO,- in the presence of Br- and/or 1" 


nd boil the solution with excess 


a) Take 5 drops of W.E. a 
"i ble till no more Br, or Is 


of Cl, water in a semi-micro cruci 
evolves. Now make ring test for NOs. 


ess of ammoniacal 


b) Take 5-10 drops of W.E. and add exc | 
Ne | of AgBr ог Agl. 


silver sulphate solution. Filter the ppt. 
Perform ring test in the filtrate for NO:7. 
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(6) CO; in the presence of C,O,^- 


Take 20-25 mg of mixture and heat with excess of 5 N HSO, 
till there is no effervescence. Now. ада 15 mg MnO, powder, 
Fresh effervescence starts due to the decomposition of C,0,2-. 


(7) C20," in the presence of F- 


Acidify 5-10 drops of S.C.E. with 5 N CH;COOH and ада 10 
drops of CaCl, solution. A white ppt. of CaC;O, and CaF, is 
obtained; centrifuge the ppt. The ppt. istreated with hot 5N 
#50, in which CaC,0, is soluble. In centrifugate add 2 drops 
of KMnO, solution which is decolourised in the presence of 
©,O,’>. The insoluble residue in 5 N Н,50, is CaF;. 


Removal of Interfering Radicals (РО, BO,°-, C,0,?- and F-) 
@he interfering radicals can be removed by the following 
methods. 


1. Removal of phosphate : Zirconyl nitrate method Evapo- 
rate nearly to dryness the centrifugate of Group II and extract 
the residue with 1 mL of 5N HNO. Heat to boiling and add 
zirconyl nitrate solution until the precipitation is complete. 
Place the test tube in a water bath for 5 minutes and centrifuge. 
Reject the residue of zirconyl phosphate and proceed for Group 
Ш with the centrifugate. 


Ferric chloride method Evaporate nearly {о dryness the 
centrifugate of Group Ш and extract the residue with 1 mL of 
5N HCI. Boil 5 drops of this solution with 1 drop of conc. 
HNO, and use this solution for testing Fe** with K4Fe(CN), 
or KSCN solution, Whereupon purssian blue or red colour 
respectively is produced. To. the remaining solution, in HCl, 
add 5 N NH,OH dropwise until a Permanent turbidity appears, 
Now add 5 drops of glacial acetic acid and 10 drops of 3 N 
ammonium: acetate soln, Finally add neutral ferric chloride 
solution dropwise till the solution acquires a Permanent red 
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tinge (excess of ferric chloride should be avoided). Heat the 
solution in a water bath for 5 minutes and centrifuge: 


Residue (FePO,, Centrifugate. Add 10 drops of 5N 
AIPO; | CrPO, and NH4CI and 5 N NH40H dropwise. If a ppt. 
Fe(OH)s.(CH3COO). is formed, remove it by centrifugation. 


Test for АЈ“ and Сг?+ 
as described in Table 
4.6. у Residue Traces of Centrifugate Use 
А1РОзг. and CrPO,. for Groups IV, V 
Test for AP* and and VI. 
Cr?t as described in 
Table 4.6. 


2. Removal of oxalate, fluoride and borate Evaporate nearly 
to dryness the centrifugate of Group П. Add 10 drops of conc. 
HNO; in case of oxalate and 10 drops of conc. НСІ or HNO; 
for fluoride and borate. Evaporate to dryness. (It should not 
be baked, heating should be stopped when a drop or two of 
the solution are left). Repeat the process twice and finally 
extract with about 1 mL of 5 N НМО; and proceed for Group 
IH. 


1. (а) Reactions of phosphate ion, PO,™ (removal by 
zirconyl nitrate method). Phosphate is eliminated as. zirconyl 
phosphate. 


ZrO(NO;),-2Na,HPO,--2HCI—— ZrO(H;PO,),-2NaCI 
(white ppt.) --2NaNOs 


The excess of Zr^* ions is eliminated by adding NH,OH. 


ZrO(NO,)2-+2NH,OH—~ZrO(OH).+ 2NHNO; 
(white ppt.) 


(b) Reactions of РО,“ (removal by FeCl; method (i) The 
phosphates of Al, Cr and Fe are insoluble in acetic acid in the 
Presence of ammonium acetate while phosphates of Groups IV, 


V and Mg are soluble. 
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`(й) The phosphates of other metals are removed as FePO,, 
by adding neutral FeCl;. 


Fe**--PO,?-—— FePO, 


(її) The excess ion 15 removed as basic acetate by dilution 
and boiling. 


(CH,COO),Fe+2H,0——>Fe(OH),(CH;COO) | 
(brown ppt.) --2CH4COOH 


(c) Reactions of removal of oxalate, fluoride and borate 


H,C,0,+-2NO,-+2H*—->2CO,+2NO,-+2H,0 


F---H*——HF 4 
(volatile with staem) 


B,07 ——-2H*--5H,0—— 4H;BO; 
(volatile with steam) 


Analysis of Basic Radicals 


Basic radicals are analysed by wet test in semi-micro analysis. 
The classification of the basic radicals into 7 groups (zero to 
six) is the same as in macro analysis. The original: solution is 
also prepared asin macro analysis. The analysis of the basic 
radicals is given below. 


Identification of Zero Group Cation (NH,* Radical) 


Tests. (i) Take 10 mg of the mixture ina test tube and add 
10 drops of 5 N NaOH. Attach filter tube in the mouth of the 
tt. and place а small piece of moistened red litmus paper or 
mercurous nitrate paper. Heat the t.t.—odour of ammonia 


which turns (а) red litmus paper blue or (b) mercurous nitrate 
paper black, confirms NH;*. 


(ii) Take 10-20 mg of mixture and to this add 10 drops of 
5 N NaOH, Warm the solution and pass the. vapours through 
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Nessler's reagent. A brown colouration or ppt. confirms the 
presence of NH;* ion. a 


(т) Take 10-20 mg of mixture. Warm this with 10 drops of 
5N NaOH. Bring a drop of conc. НСІ carried at the top ofa 
glass rod to the mouth of the tube. Dense white fumes of NH,Cl 
will be formed if NH, is evolved. This confirms the presence of 
МН, ion. 


Reactions (i) (NH;),SO,4-2Na0H —Na,SO,+2H,0 


--2NH; t 
Hg | | 
AN 
2Hg(NO,+4NH; +H, О > O  NH}NO,+2Hg 
М +3NH,NO; 
z | 
(brown) 
(ii) K,HgL = Hgl,+2KI 


Nessler's reagent 


pu 
Hgl,--2NHs =н) мна 


у NH2 
Hol IO d 
| || | Á 
vi 
'Hg 7 d МН: DES MS. A NH,I 
“I 
oxydimercuric ammonium 
iodide (brown colour) 
(ii) NH,+HCI—>NH.Cl 


(white fumes) 


Systematic analysis of the cations of Groups Ito VI are 


givenin Tables 4.2-4.9 as follows: 


meme MEM 


48H і 
SH 
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REACTIONS OF GROUP I CATIONS 
1. Precipitation of group I cations 


Pb**--2CI-—-PbCI, |, 


(white) 
Ag*--CI-—-—-AgCl | 
(white) 
Hg**--2CI— Hg;Cl, | 
(white) 
2. Reaction of lead ion, Pb?* | 
H,O 
(i) PbCl; = Pb'*42CI- 
heat 
(ii) Pb'*-2D-—- РЫ, }, 
(deep yellow) 
(ii) Pb**--CrO,—— PbCrO, 4 
(yellow) 
(iv) Pb?++S0,2-—> PbSO, | 
(white) 


3. Reactions of silver ion, Аг" 
G) AgCI--2NHjOH-— [Ag(NH;);]*CI- --2H,0 
(insoluble) (soluble) 


(ii) [Ag(NH3)]'CI---2HNO,—— AgCl | -F2NH,NO; 
(white) 


iii) 2IAg(NH3),]* + Mn?t--40H-—-— Ар} -+-Mn0O,+2NHs 
(iii) 2[Ag(NH3)] | (black) +-2H,O 


(iv) [Ag(NH,)o]* +1-+-2H,0—>-Agl+2NH,0H 


E: 
> 

S 

E 
ч 
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4. Reactions of mercurous ion, Hg, 
(i) Hg,Cl--2NH,OH—— Hg(NHjCl| + Неј +МНСІ, 
(white) (black) +-2H,O 


(й) Hg(NH,)CI--2H*——Hg?*--CF--NHa* 
Hg--4H*--NO,--- С —->На + -- МОС 26,0 


(iii) 2Hg?*-- Sn — Hg; t Snit 
(white) 


Hg,**--Sn*—2Hg | +Sn** 
(black) 


(iv) Hg?t-+21-— Hg] ў 
(brick red) 


Hgl,--2KI—— K, Het 
(potassium. mercuri iodide—soluble) 


Reactions 
M*++S*— MS 
[M=Pb, Hg, Cu, Cd, Sn) 
2M**--38* —— MSs 
[M-- Bi, As, Sb] | 
Sni*4-28? —oSnS; 


As,S3+3(N H,)S+S—6N: Н,‚++2А55427. 
thiarsenate ion 


Sb,S,--X(NH),S-- S—96NH,*--28bS, 
thioantimonate ion 


SnS-+(NHa).S+5—> 2NH,*+SnS;"" 
thiostannate ion 


Г 

H 

= +29 

$ 

= 

E 

© = 

ES +P 

= sunguoo Spo 

= . Joa}eidiooid 

5 moji v “Sey 

= 5564 'sso[njoo sr 
|| 1 

9: чошцоз oui [In 


Ка оір uonn[os 
NOM РРЕ 3uosod| 
SI +0) Л 


45 

по surmuoo 
UoHne1no|oo xq 
Qsm32318 30. "оед 


У "uonn[os ?ruourue 
jo 5101р Меј v pue 
juo8Po1 pio? ошезапј 
Jo doup в ppe. "поппјоз 
Jo doipe or 6G) 
“400 Surmuoo 
ejejdroaud ‘имо У 
"моја" У jo sdoip 
с ppe pue proe on 
+908 Чим uomnn[os Jo 
5001р є Apoy (7) 


‘sued OA} ш 3t рәрглтс 2/027/141u27) 


-eSnjujuoo ‘sizsdde ojejdiooi1d jy ‘UIE: 
st uoüin[os 20} j]H. esi doip uonnjos eruoure рру 2/75n/14142;) 


4418 


"Juoso1d 51 alg ji S1eod 
-de uoneino[oo моцәќ 
v uonnjs gomon} 
Jo sdoip 7 ppe uonnjos 
jo 5102р є OL (7 
+19 Sung 
-uoo oyejidiooid xovq у 
*3uo8e21 9jruuejs штроз 
jo sdoip z ppe uonnjos 
jo sdoip € or (0 
лозе јо ш ®/ү 
Smp o) рру ‘əy pue 
IDH '2поо Јо sdoip ¢-z 
UI 2383101091 əy} oA[os 
“SIA CHYM) anpisay 


aue | 


+44 


"add 
што *Q1jqg Jo 212] 
-Idioid ^o[[oÁ у поп 
-njos "OID" jo sdoip 
7 ppe MON -'uonnjos 
увере штшошше 

| jo 


qunowe шпшшш 
ur ea[ossigp "'OSqd 03 
oup NYM anpisay 


*e3njiIjuao pue зојем JO дозр в pp? pu? [000 "1eedde ѕәшпу 
әм пп под pue ojouA 991 0} *OSFH N c Jo 5долр c pu? [ouoo[ Jo 5дозр с ppe 'sieodde 
војви зала eju^ v jj -[oqoo[e pue *OSSH "[Ipjo doip e ppe uoniod v ој, 227/u2;) 


Ce cR RT E БАНЕР ALARME ABUTERE S brin doe ue. qe pica Кеч i 


4439H 
"Зн SUI. 
-поз 4013 Suru1nj *3dd BINA v 
700130105 51506 Јо sdoip c ppe 
uornnjos Jo sdoip $ OL (1) 
"9H 
suiiguoo 3ydd moji у 
uonnjos НОРМ Јо do1p е ppe 
uonnjos jo doip € oj, (0) 
`Клполәш surIguoo 
əawydpəd ло ino[oo on[q 
дәәр v -uonnjos $(0N)oO 
Jo Фор * Ха pamoyjoy 
оуејаов "pos pue oyeuRADOIY} 
‘шше jo qovo doip e ppe поп. 
-njos оу; jo doip вој, (7) 
“sjred c ош 3t 
9pIAKT 939A A з әп 
"&1891 enbe jo ојалодело pue 
ъ18ә1 enbe ЧІ 31 9AJOSSIQT 
ci "бан 
оф әпр {ән anpisoy 


'esnjjuso pue ѕәупшш z 10j 3: поя ONH ПР JO JW S'I ui^ VII dnosH 10j onprso1 291 Jeary, 


170 


GaP рив MD “ыя ода 58H) 


. . Suogt;) уд поло) jo uoyvoynucpy 
vv ATaVL 


Semimicro Qualitative: Analysis 171 


REACTIONS OF GROUP ПА CATIONS 
1. Reactions of mercuric ion, Не? 


(i) 2HgS-2HNO44-6HCI——2HgCl,-3S { +2NO | 


+4H,0 
(ii) Hgi*-J-Co?*--4SCN —— Co[Hg(SCN);] 
(т) Hg?*--20H —+Hg0+H,0 
| 
(v) 2Hg?++Sn°++2Cl-—— Нађ би" 
(white) 
Hg;Cl,--Sn?*—— 2Hg-+Sn!t 4-2Cl- 
(black) 


2. Reactions of lead ion, Pb** 


(i) ЗРБ5 - 8НМО 3PB(NO;),--2NO t +38 | +4Н„О 
(ii) PbSO;--2CH;COONH;——(CH*COO0)Pb-- (NH,),SOu 
(CH,COO);Pb---K;CrO,——2CH;COOK +PbCrO, 


3. Reactions of bismuth ion, Bi^* 


(i) Bi,S,:+8EINO;—>2Bi(NOs)+-2NOt +38) +4410) 


(ii) Bi*++30H———Bi(OH), { 
(white gelatinous) 


(iit) Bi(OH),+3HCI—-+BiCl,+-3H,0 


(iv) 2Bi*++3Sn0,2-+60H-—->2Bi | +3510, +3H,0 
(black) 


4. Reactions of cupric ion, Си? 


(i) 3CuS+8HNO,—>3Cu(NO,),+2NO f +38) +-4H,0 


(ii) Cu?++4NH,—+[Cu(NA,),)** 
tetraamminecopper(II) ion 
ii) [Cu(NH,)sP**+4CH,COOH—> Cut" +4CH,COONH, 


"з 
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(iv) 2Cu**-F[Fe(CN);)!- — Cu,[Fe(CN,)] У 
cupric ferrocyanide 
(chocolate colour) 
5. Reactions of cadmium ion, Сё:+ 
(i) 3CdS--8HNO;—-— 3Cd(NO),--2NO + +35 | +4H,0 
(ii) | Cd?*+-4NH,—>[Cd(NH,) 1] 
tetramminecadmium(II) cation 
(colourless) 
7) [Cd(NH;),]* --H,S—-CdS | --2NH,*2-2NH, 1 
(yellow) 


Separation of Cu** and Cd** with KCN 


2[Cu(NH3);]*4- IOKCN—-—2K;[Cu(CN),]4-(CN), 
TSNH;44K* 
potassium tetracyanocopper(I) 
(colourless) 
(CN),--2NH,OH—— NH4CNO +NH,CN-+-H,O 
(Cd(NH,),)?*-+4K CN—— K;[CdCN),]--2K-^--4NH; $ 
potassium tetracyanocadium(II) 
(colourless) 
К, [Cu(CN,)] is compara ively stable. On the other hand, 
K,[Cd(CN),] furnishes sufficient concentration of Cd + and on 
passing H,S in the solution, only CdS is precipitated. 


REACTIONS OF GROUP IIB CATIONS 
2(AsS,)"-+ 6H*——-As,S; J-3H,S 


thioarsenate (yellow 
ion ppt.) 
2(SbS,)*- --6H*—- Sb,S;-- 3H,S 
thioantimonate (orange 
ion ppt.) 
(SnS;)*- --2H'—--SnS,--H,S 
thiostannite (yellow 
ion ppt.) 
Sb,S5-+ 10H* +-4Cl-—-> 2Sb3+ --2Cl, +5H,S 
SnS,--4H^—— Sn‘+-+-2H,S 


As,S;+H*——>No reaction 
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174 Systematic: Qualitative, Analysis 
Reactions of As** 


(i) The yellow residue of As,S; dissolves in conc. HNO, 
forming arsrnic acid. 


As.S5-+-4H*-+ 10NO,—— 24A50,?-4- 10NO,+5S+2H,O 
(soluble) 


(ii) Ammonium molybdate yields a yellow ppt. with arsenic 
solution in presence of HNO,. 


AsO,?--+3NH,*+ 12Mo00,-+24H*>(NH,),AsO,12Mo0, 
` +12H,0 (yellow ppt.) 


(iii) On adding magnesia mixture, a white crystaline preci- 
pitate is obtained. 


НзАзО; + MgSO,--3NH,OH—— -Mg(NH.)AsO;---(NH,),S0, 
(white ppt.) 
-F3H,0 
(iv) H3AsO, forms a yellow ppt. with AgNO, solution 


H;AsO,+3AgNO,——>Ag,AsO,+3HNO, 


(yellow ppt.) 
Reactions of Sb** 
(i) Sn‘++-2H,C,0,—->Sn(C,0,),+-4H* 
oxalic (stable not 
acid. decomposed by HS) 


2Sb°t 3HyS——Sb,S,+-6H* 
(orange ppt.) 


Gn 56,5, dissolves іп НСІ forming SbCl, on dilution, milk- 
iness is prod uced which is soluble in tartaric acid. 


Sb,S,-I-GH*—2Sb'*--3H,s 


Semimicro Qualitative Analysis 175 
Sb?*--CI---H;0—-— SbOCIH-2H* 
SbOCI+ C4H,0,—— C4H5SbO;- H*--CI- 
(soluble) 


Gii). On putting tin foil in SbCl, solution, a black deposit of 
antimony is obtained. 


2Sb?*--38n——3Sn^t -2Sb 


Reactions of Snit 


(i) Addition of zinc dust to the solution reduces SnCl, to 
SnCl,. 


Sn**--Zn—— 502+ п? 


(ii) Mercuric chloride is reduced to Hg,Cl, (white ppt.) and. 
finally to grey or black precipitate of mercury. 


$n'* 4-Hg** -2Cr ——-Sn'* -HgsCls 
(white ppt.) 
Hg,Cl,--Sn**—— Sn**--2Hg-2CI- 
(grey) 


(iii) Ammonium molybdate forms a blue colour or preci- 
Pitate with SnCl, solution. 


51'+4+3Мо0-—= Mo,0s+Sn!* +5H,0 
(blue) 


Systematic Qualitative Analysis 


176 


m 

ју sunuoo 
(опја 5,рлеџоцј) ssp: anjq v— шее 
yeoy pue sseur Kip 943 ој *(ONDoOO 
jo doip p ppy 'ошер 3ulzipixo ue ш 
уеон ‘Ayav [роолецо oy) ш ODEN 
jo 3ш gp pue uonnjos 291 jo sdoip 
T зора бар 4) ooo? (n) 


"4. [V suimguoo ejejdioo1d зпопопејов 
эщм v "под pue ped риооәѕ əy} 
оз [OHN ЈО 5103410 моје рру (17) 


+1 surTyuoo омер po1 зубна V 
"uonnjos EOD HN) ЈО sseoxo--uou 
“twine Jo тш $/, pue uoijn[os 9323008 
"шише jo тш p pp? ued ouo oJ (7) 


+elV 10} 5189], 


+19 


*4,1D sui1guoo I3ÁL]| 1231343} 
urino[oo опја V 'oxeus pue 20ёН jo 
sdoip &-Z рру 'лоујо ppe pue "OSH 
"IP wu yed Joyjoue Апроу (1) 


"510 Sur1guoo HOEN Ш o[qnjos 
ayeyidiooid моје 348129 y 'uonnjos 
34730 pea] рре рие ртов IW уум 
uoniod siy} jo ped e Луроу (1) 


+12 10] 81591, 


*suoijiod os} ш uonn[os әрма 'зиовола Ајепицор 
SI JO моцәќ jr: 109590 SI 1o/pu? 1095211 sr [V *sso[ino[oo jp aywsnfiajuaD 
*esnjnjueo pue [rog “O*H Jo sdoip 9 0} ç pue HORN N с JO JU [ рру ‘819430 јогГол pue oje8 
-пуцзиәо 293 Чл ssurysem 3510 oq) XIW "uonnjos *ON*HN jo doip v Sururejuoo зојем Jo попой sdoip c 
им osmy} onpiser agp useA "O'Hx*Oujy pue *(HOJIV “(HONO “(HOVA элец Кеш onprsow 
"ә8пуизпәгу ‘еоршошше sr uonnjos 993 [HUN әвїмйо1р HO'HN ppe pu? [00D ‘109 pue? OHN 
Jo 8ш 00с зподе рру ‘Под pue *ONH 'опоо Јо doip т рру 'ојебпушизо əy} Woy S*H Jo под 


ў (е) рав +e1V ӘД) 


~ Suone ПІ Чпол=) jo попеоуциорј 


oy ЧЛЧУЛ. 


EN 


* UN SULIgUOO 2/0 
-1di924d. 431014 ajdind ~ "exeps pue uon 
-njos ejeqjnuusiq Jo 8ш 9] '**ONH '2uoo 
јо ӣо1р є ppe ned pu eq OL (ш) 


әй 
* 424 Surguoo 
4појод po рооја D—uornn[os NOSX 
jo doip ү ppe pu? oje[d 10845 e uo 
uornn[os Моја 94} Jo do1p ү eovjd (и) 


"+93 surmguoo "dd 
40 4no[oo anjq upiSSnad D—*(NI)oA"»r 
Jo doip І ppe pue әзе jods р uo 
uoinjos моје əy} Jo doap І oov[q (1) 


"пва 
€ Ul 3 әрглір pu? [DH N 5 JO [UI p ur 


enpisa1 əy} 9A[OSSI(g (UMOIG) anpIsay 


Semimicro Qualitative Analysis й 177 
Reactions 


(i) M?*--30H-—— MOH), 
(M=Fe, Cr, Al) 


(ii) Na,05--H,0—-—2NaOH --(O) 
AX OH),--NaOH—-*NaAIO; +26,0 
2Cr(OH), -4NaOH--3(0)—-—2Na,CrO, + 5H;0 
(iii) Sometimes the formation of hydrated manganese 


dioxide (MnO,.H,O) takes place due to the oxidation of 
Mn(OB), by air and also by nitric acid. 


ма(он), (0) —> Мао, НО 
Reactions of Без“ and Ма" | 
() Fe(OH) +3HCI——> FeCl +390 


(ii) AFeCI, -3KAFe(CN) — Fed Fe(CN) dst 12K CI 
ferri-ferrocyanide 

Gii) Ammonium thiocynate yields with ferric ions a deep 

red colouration. Ei 


FeCl,4- 3NH,SCN—— Fe(SCN)s--3NH,CI 
(deep red) 


n presence of HNO, is oxidized by 


(iv) Manganese dioxide i із ‹ 
into permaganic acid (pink). 


PbO, or sodium bismuthate 
PbO, + 2 МО, РАМОН: +(0) 


2Mn0,-H,O--3(0)—2HMnO, 
(pink) 


NaBiO, --AHNO,— Мао, ВОЈНА o) 


H O--X(Q)—*2HMnO, 
2 MnO, L) (pink) 


lysis 
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180 Systematic Qualitative Analysis 
Reactions of Cr?* 


(i) Dil. acetic acid neutralizes excess of NaOH. Lead 
acetate forms with sodium chromate solution a yellow preci- 
pitate of PbCrO,. 


CrO,7—-- Pb — PbCrO, | 
PbC!0,+40H-—->PbO,?-+-Cr0,2-+-2H,O 


(ii) With acidified chromate solution, H,O, forms a blue 
peroxide of chromium which is stable in ether medium. 


2CrO4- +4Ht++ 3H,0,—2HCtrO;--4H,0 
| 


* perchromic acid 
| (blue) 
| 


Reaction of Al*+ 


(i) On adding NH,Cl to one рагі and heating, Al(OH), is 
precipitated. 


| AIO, -NH,* -H,0— — Al(OH), у +NH3 


(ii) The white precipitate of АКОН); is dissolved in dil. 
HCI (minimum quantity), 


АКОН), +3Н+-_ да+. 3H,O 


On adding a few drops of litmus solution, a pink colour is 
obtained. Now, on addition of NH,OH dropwise (till it be- 
comes alkaline), precipitate of ALOH), reappears, The preci- 


pitate of АКОН), adsorbs the blue colouring matter of litmus 
and turns blue, 


(iii) Charcoal cavity test 
heat 
2 Co(NO;), 52 Co0+2NO, 10, 
Co0 -ALO,— Co(AI0,), 
| cobalt aluminate 
| (Thenard's blue) 
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Reactions 
(i) M**+2Cl->MCl, 
(М==Мп, Zn) 
Reactions of Со?+ and Ni** 


(i) The precipitate containing NiS and CoS on treatment 
with aqua regia forms their corresponding chlorides. 


NiS--2HCI--3(0)—7NiCl, +50, - H,O 
CoS--2HCI--3(0)——CoCh--SO,--H,0 — 


(ii) CoCl, forms a yellow precipitate with potassium nitrite 
and acetic acid. 


соса TENDO ОВИ Я 
2KCI--2CH,COOK 


(iii) A blue complex ammonium tetrathiocyanatocobaltate- 
(III) is formed with NH4SCN which is soluble in acetone. 


CoCl,-- ANH,SCN—- (NH,),[Co(SCN)]--2NH,CI 
amm. tetrathiocyanatocobaltate(III) 
(iv) Potassium ferricyanide yields а reddish brown preci- 
pitate. | 
3CoCl,--2K;Fe(CN),—— Cos[Fe(CN),], - éKCI 
(v) Nickel in alkaline solution forms a scarlet red precipitate 
chelate with dimethylglyoxime. (See p. 182) be 
(vi) NiCl, in presence of NaHCO, and bromine water yields 
a black precipitate. 
ВР" || 


NiCO,+3H,0+(0)—Ni(OH)s | --2CO f 
2Ni(OH),—Ni,O, - 3H,O 
(black ppt.) 
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Semimicro Qualitative Analysis bigs 
Reactions of -Zn** and. Mn** 


(i) The filtrate containing Маск and ZnCl, when treated 
with NaOH solution yields precipitate of Mn(OHB), and 
Zn(OH). 6. 


MnCl,-+-2NaOH—> Mn(OH),1-2NaCl 


But the precipitate-of Zn(OH), dissolves in excess of NaOH 
forming sodium zincate. , 


Zn(OH),--2NaOH —— NasZn0, t 2H,O 


(ii) The precipitate-of МОН)», in-excess. of NaOH, turns 

brown in air. T 
»мион) +(0)—>2Mn0(0B)  ; 

(air) (brown-precipitate) 


(iii) Brown precipitate of MnO(OH) on boiling. with Poy 


and conc. HNO,, yields a pink colouration on dilution. | i 
PbO, 3HNO;—- PD(NOs)s+ H.0+ (0) 


2Mn0, H0 +O—>2HMnO, 
t (pink) E 
(iv) Br, water in NaOH solution oxidizes Mn(OH)s toa 
black ppt. dd 
ма(он), +(0)— "Мао (OH 
(black) 


(у) On passing H.S through NasZnO, solution, ZnS is pre- 
cipitated. ў Ча © 


Мато; + H,S——Zn$ + 2NaOH 


and ammonium mercuric thiocyanate 


i ing CuSO, 
(vi) On adding CuSO, Mo ta НИСКО and 


selution 10 zinc solution, 
@ufHg(SCNp) is obtained. 


= 4182 +5 +a 

=> 

8 

= "4,98 swIyUOD 
= urens u^olq poi y "uonn[os ojyeuozipoqa 
S штпроѕ jo uornnjos 1092 лод S'0 Jo doip 1 
= fiteny pue HOPHN jo sdoip 2 qO*HN. 
3 Í Jo doip | “ОН jo огр Į ppe siy} OL 
Q +89 "зада jej]y € uo џоцпјоз siq} Jo йор 
S SUunguoo  (QUojssisd-uou) әшер 2 20014 ТОН М $ Jo junoure umur 
= per зона У опргај əy} uo 152) UL әпрівәг Jo uoniod e әлүоѕѕіст (9) 
= эшер AQ 44,0) шлупоз MA "+15 suyuos (uojsrs1od) "+29 шушо? әшер 
S “8D | әшер poi позшио y “әј Suey uoy | по218 ојаде ЧУ 59) әшер оф) Дайе 
та Sudguo» "O*5ej jo “dd ЗИЧА | -Jad pue [OH '2002 J0 1unoure unuu рое [DH “ооо jo junoure шщшшщш ur 
= V 'I9jEA pue uonnjos Ме еше] Ut Әпріѕәл ƏY} oA[OSSKT *,,1S JO әзйәзәла 


опр: ај 903 jo Hood e sajossiq (0) 
Jo sdo:p c рру ловио pIS91 2953 1 es 


2 + "e3njjuoo | se +268 10) onprsal oy} unguoo pue 
pue ojnuru эпо зор dooy pue аиел 'eumexre sauto»aq 91njxiur [run esimdorp 


ЗОЈА ULIUA цул onpisa1 ƏY} USE “е 
HO'HN 49 рэмоцој uonn[os FOSS(*EHIND) јо 1ш ррре SY} о], 2525/11127 $ә}воїрш әпріѕәг МоҢәА оед әтри 


941 soj?oppur првој INYM onpisay 


: '(uonnjos *Q19*3 Surppe јпоцим 
uonnpos urureumr оф ш +28) PUE 21 10] 3523 pue jUssqe se uox9 oq Аеш е ‘sieadde ydd AoO[I9Á ou 
И) обпрлизо pue шлем 'osje uonnjos Suruteura1 ay} о} uonnjos 
"шем pue uonnjos 0:97 Jo doip ү ppe ‘шопо sty} Jo sdojp с ор “OD до 
"*HOOO*HO N $ ur да əy} eA[OSSI(T "'eSuigseA 9u1199[2w aem Jo sdoip z q 

ТА пого) 103 зуе3пјијизо pue A dno1o 10 әпр1$әз әці əƏsÁfeuy *aSnpimuoo pue 
Kpue8 wiem "uonu[os НО"НМ “опоо Jo sdoip z Ад PeAoj[oj пог}п]о$ ojeuoq1eo шпиошше jo qur ү ppe 
5103 О, eqni 1591 oiorur ruras 1291008 0j uonnjos 51 19Jsue1]. "TU! ү 0} 27223092000 pue Ајојојашог Hon 
ЖО ПОН 'орфопло Jo sqn} Suitoq o1orumuros e ш AJ дполо) jo uonejidioo1d Joye ojesnymnu 


3 2 87 TIVI ps o 


Semimicro Qualitative Analysis 185 
REACTIONS OF THE CATIONS OF GROUP V 


1. Action of acetic acid | 


M CO,-2CH,COOH—— (CH,COO),M +CO, | +H,O 
(M=Ba, Sr, Ca) 


2. Reaction of barium ion, Ba** 


Ba®?+-+CrO,—->BaCrO, 4 
barium chromate 
(yellow) 


3. Reaction of strontium ion, Sr** 


Sr?**--S0,7-—— SrSO, ў | 
strontium sulphate 
(white) 


4. Reaction of calcium ion, Ca^* 


Ca?*-4-C40,*- ——- CaC,0, у 
calcium oxalate 
(white) 
Reactions of Mg** 


(a) Titan yellow is a water-soluble dyestuff. It is adsorbed 
by magnesium hydroxide producing a decp red colour or ppt. 


(b) А white crystalline ppt. of magnesium ammonium 
phosphate is formed. 


Mg'*--NH,--HPO, —>Mg(NH,)PO, 


(c) Magneson is a dyestuff. It is adsorbed by magnesium 
hydroxide to give a blue colour or ppt. 


(d) CoO --MgO—-* MgCoO, 
(pink) 
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SPOT TEST ANALYSIS 
(Micro Qualitative Analysis) 


Introduction 


In micro analysis (commonly called as spot test analysis) the 
masses and volumes for analysis are about 5 mg and 0.1 mL, 
ie. 1-2 drops. Tananaev (1920) introduced this technique and 
Fiegl extended its Scope to such an extent that it occupies very 
important position in the modern qualitative analysis. Selective 
and charactristic spot tests for inorganic and organic compounds 
are known which detect with certainty the individual cations 
present in a mixture. 


Procedure 


(i) The spot test is carried out either on a plate called spot 
plate or on a Whatmann filter paper No. 120 or Schleicher and 
Schull paper No. 601. On the plate it is confined toa small 
area and takes the shape of spot. 


(ii) Take 1-2 drops of the original solution on spot plate 
followed by systematic addition of the reagent. 


(iii) The detail of the test is given in the test of individual 
cation, 
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Advantages 


(i) These are quicker and easier to carry out. 
(ii) These can be interpreted more readily. 


(iii) These are less susceptible to slight variation of experi- 
mental conditions. 


Notes 


(i) The analytical grade reagents must be used. 
(ii) The test should be performed strictly according to the 


instructions provided in a test. 


A systematic analysis of the cations, in order .of the groups, 
is given in the following pages. 


Group I (Pb**, Ар“ and Hgs'*) 
Test for Pb’* 


(a) Benzidine Reagent 


This reagent produces benzidine blue on oxidation with lead 
oxide. The interference is due to Bi**, Cet*, Ма", Co**, NI”, 
Ag* and TI*, but in alkaline medium only TI* interferes: 


Test Place 1 drop of the test solution on a filter paper and 


add 2 drops of 3 N NaOH and 1 drop of saturated Br, water. 
Now add 2drops of 50 per cent ammonia solution. Dry the 
spot and add 2 drops of the benzidine solution (0.05% in 10% 


CH,COOH). 


A blue colour develops that indicates lead, the limit of 
identification being 1 pg Pb; cone, limit, 1 in 50,000. 
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(b) Dithizone (or Diphenylthiocarbazone) Reagent 


Lead salts form brick-red complex with this reagent. The 
interference is due to Agt, Hg**, Cu?*, Cd?+, вын Ni?+ and 
Zn^*. But in the presence of much alkali cyanide, the inter- 
ference may be eliminated. 


Test Take 2 drops of the test solution ina semi-micro test 
tube and add few crystals of KCN. Now add 2 drops of the 
reagent solution (5 mg in 100 mL of ССІ,). 


The green colour of the reagent changing to red indicates 
lead, the limit of identification being 0.1 ug Pb; conc. limit, 
1 in 1,250,000. 

Tests for Ag* 


(a) p-Dimethylamino-benzylidenerhodanine Reagent | 


HN——C=0 


| 
dA cach у мисни 
ж 


he 


Silver. salts form, red-violet salt in. faintly acidic: solution witli 
the reagent (Ag replaces H: of NH group). The interference is 
due to. Hg, Си, Au, Pt and Pd. ; 


Test Place 1 drop of (ће test solution on spot pla*e, add 
1 drop of N HNO; followed by a drop of’ the reagent solution 
(0.03% solution in alcohol or acetone), 99 пе 
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A red-violet ppt. indicates. Ag, the limit of identification 
being 0.02 ир Ag; conc. limit, 1 in 2,500,000... 1 


(b) Potassium chromate Reagent 
K;CrO, 
Silver salts form red ring with the reagent. 


Test Place a drop of tlie test solutlon' on spot plate, add 
one drop of (NH4,CO, solution and stir. Remove one drop 
oftheclear liquid and place it on filter paper and add one 
drop of the reagent solution (1% solution in N CH,COOH). 


A red ring indicates Ag, the limit of identification being 
2 ug Ag; сопс, limit, 1 in: 25,000. 


Tests for Hg;?* 


(a) Dithizone Reagent 


; (RCM MT | 
; со НИНА ОВИ 


at pH abové 7 with. the 


re " yellow’ colour 
Mercury salts form ye СМС №, 6,027 and | 


reagent. The interference is due to 
Ее) JP. 


ake 1 drop of the test solution ina semi-micro test 
TN: pt: ad orara of 3 M CCI.COOH solution m 
3 drops of 10 per cent oxalic acid solution. Now icimad и | 
colour in 1 mL of n-butyl acetate. Place 3-4 drops of pa i^ 
acetate layer in a second semi-micro test tube and add 2 Ps 
is a 0.002 per cent solution of reagent in СНС: 
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A yellow solution indicates mercury, the limit of identifica- 


tion being 2.5 ug Hg. 


(b) Gallic acid Reagent 
Mercury salts form orange colour with the reagent. 


Test Take 1 drop of the test solution in a semi-micro test 
tube and add 1 drop of the reagent solution (1% alcoholic 
solution). 


Orange colour becomes yellow on dilution indicates mercury, 
Group п (Hg”*, Рђ:+, Bi**, Са», Cd**, As**, Sb**, Sn?*) 
Tests for Hg** 


(a) Diphenylcarbazone Reagent 


Mercury salts form an insoluble violet to blue complex with 
the reagent. The metals like Cu, Fe and Co give coloured 
compounds, but in 0.2 N HNO, the reaction is specific for 
mercury. 


Test Place i drop of the test solution on a filter paper and 
add 1 drop of a ! per cent solution of reagent in ethanol. 


A violet ring indicates mercury, the limit of identification 
being.0.05 ug Hg; conc. limit, 1 in 50,000, 
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Tests for РЬ" Same as given above 
Tests for Bi?* 


(а) Thiourea 


HN — C — Мн 


td 


Bismuth salts give a yellow solution with the-reagent, in acid 
solution. The interference is due to Sb?*, Hg,"*, and Ag". 


Test Place 1 drop of the test solution on a spot plate and 
add 1 drop ofa 10 per cent aqueous solution of reagent and 
one drop of dil. HNO; |“ — 

A yellow solution indicates bismuth, the limit of identifica- 
tion being 2.5 yg Bi; conc. limit, in 30,000. 


(b) Cinchonine potassium iodide Reagent 


Bismuth salts form orange red colour with the reagent in faintly» 
acid solution. The interference is due to Pb, Cu and Hg. ^ 

Test Place 1 drop of the test solution on a spot. plate i 
add I drop of the reagent solution (1 g of cinchonin : 
ofhot water containing a few drops of ико» aner. 
2 g of KI are added). ; : а 


An orange red spot ‘indicates bismuth, the limit of identi- 
fication being 0.15 ug Bi; conc. limit, 1 in 350,000. верен 


Tests for Са? spi Q9) 


А? ос 19906 
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Copper salts form a green ppt. in the presence, of ammonium 
tartrate, other nietals do not interfere. 


Test Ympregnate filter paper with a solution of 5 per cent 
eupron in ethanol and dry it. Now add 1 drop of a 10 per cent 
aqueous solution of potassium hydrogen tartrate and a drop 
of the test solution. Hold the paper over ammonium hydoxide. 


A green colour indicates copper, the limit of identification 
being 0.3 pg Cu; conc. limit, 1 in 500,000. 


(В) Salicylaldoxime 


€opper salts give а yellow-green ppt. with reagent in acetic acid 
solution. і 

Tesi Take 2 drops of ihe. test. solution їп а semi-micro test 
tube and slightly acidify it with acetic acid. Add 1 drop of the 
reagent'solution (1 g reagent is dissolved in 5 mL ethanol and 
Tour the solution dropwise into 95 mL of water, shake and 
filter. Use filtrate as a reagent solution). 


; A yellow-green ppt. indicates copper, the limit of identifica- 
tion being 0.5 ug Cu; conc. limit, 1 in 100,000. 


(c) Dithio-oxamide (Rubeanie acid) Reagent 
HN -- C —C — NH? 

Ws | 

* S^ S 


Copper salts form "dark green colour with. the reagent, The 
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interference is due to Ag* and Au?*. But by adding 1-2 drops 
of 5 percent NaCl solution before the test, Ag* does not, 
interfere. 


Test Place 1 drop of the test solution on filter paper and' 
add 1 drop of 20 per cent malonic acid solution. Now add 
1 drop of a reagent solution (1.3% in methanol). 


A black to dark green colour indicates copper, the: limit of 
identification being 0.025 ug Cu; conc. limit, 1 in 2,500,000: 


Tests for Cd** 


(a) Diphenylcarbazone Reagent 


Ovi ih 


Cadmium salts forms dark purple colour with the reagent. 


Test Place 2 drops ofthe test reagent on filter paper, add 


2 drops of the reagent solution (1.5% solution in ethanol) о 
1 drop of 3 per cent sodium tetraborate solution, Now add 


4 drops of ethanol slowly to the spot and allow the paper to 
dry. : 
A dark purple ring indicates cadmium. 


(b) Dinitro-p-diphenylcarbazide reagent. 
NH.NH. Cg Ha — N07» 
o NN HNH.GgH mr NO, 7P 


git i hich 
Cadmium; hydroxide is coloured "que the reagent У 
rapidly becomes greenish blue with jH.CHO. 
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"Test Take 2 drops of the test solution in a semi-micro test 
tube. Add 1 drop of 10 per cent NaOH solution, 1 drop of 
10 percent KCN solution, 1 drop of the reagent solution 
(0.1% solution in ethanol) and 2 drops of 40 per cent HCHO 
solution... 


A brown ppt. changing readily to greenish blue indicates 
cadmium, the limit of identification being 0.8 ug Cd; conc. limit, 
1 in 60,000 


Tests for As?* 


(a) Mercuric bromide reagent 


Атѕедіб salts form orange or yellow colour with the reagent. 

Test-Take zinc powder in a semi-micro test tube-and add 
dil. H;SO,. To this add arsenic compound. Hold HgBr, paper 
over the month of test tube. 


ЈА yellow or orange colour indicates arsenic. 
(b): Bettendorff’s Test 
Arsenic salts give brown or black colour or ppt. in this test. 


Test Place 2 drops of the test solution in a semi-micro 
crucible and add 1-2 drops of liq. ammonia, 2 drops of ‘20-vol.’ 
H,O, and 2 drops of 10 per cent MgCl, solution. Evaporate the 
solution till fumes’ cease. ‘Treat. the residue with 2 drops of 
SnCl, solution in сопс, HCl and warm. 


A brown or elit ppt. shout jbdieátes arsenic, the limit 
of identification being 1 ug As; conc, oe 1 in 50,000, 


[En hisga эй үй OM: bsnjyos sj al 
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Tests for Sb** ; : 


` (а) Rhodamine В (or Tetracthyl-rhodamine) Reagent | 
E 


( C2 Н5),М№ 0 N (срна с 


y 8009 4 


wis о 


„ОН: 


i 
|| 


Antimony(V) salts forni violet benzene layer with the reagent. 
Thus the ЅЪ(Ш) salts must бе оң он by adding NaNO; in 
the presence of conc. HCI in the test s lution. 


; Тез! Р!асе 5 drops of 1:3 dil. Н;$О, in a semi-micro test 

tube and add one drop of the test solution. Now add 1 ‘drop 
of 10 per cent KI solution and 1 mL benzene, shake the solütion 
well and take 2 drops of this solution on а spot plate. Add one 
drop of the reagent solution (0.2 per cent aqncous solution). À 

layer indicates antimony, “the liniit of 


А violet benzene 
g Sb; conc. limit, 1 in 100,000. ^ — 
J 1247. jit 


identification being 0.25 р 
(b) -Gallocyanine Reagent job 


nn dr 58768 


xà 


Сн) 


Antimoay salts give blue colour with the reagents,” = из 
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Test Take 1 drop of the test solution on a spot plate and 
add 1 drop or the reagent solution (0.05% solution in 1 N 
HCl). 


A change from wine red colour to blue indicates antimony. 


Tests for Sn** 
(a) Morin 


Tin salts form yellow-green solution with the regent їп sulpho- 
alkaline solution. 


Test Treat (ће test solution with an excess of yellow 
ammonium sulphide solution and filter. Take 2 drops of the 
filtrate in a semi-micro test tube and add 5 per cent HO, solu- 
tion, wait for 1-2 minutes and place 1 drop of this solution on 
filter paper and hold the paper over ammonia solution. Add 

`1 drop of a 0.02 per cent solution of the reagent in acetone. 
Bathe the filter paper in a 1:20 glacial acetic acid-ethanol 
mixture for 10 minutes and examine under u.v. light. 


A yellow-green fluorescence indicates tin, the limit of 
identification being 0:05 pe Sn. 


(b) Cacotheline Reagent 


Tin(II) salts reduce the rea 
coloured compound. The 
SO,- and $,0,-. 


gent with the formation of a violet: 
interferance is due to Н,8, Sb**, 
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Tesi Impregnate a piece of filter “paper with га: saturated 
solution of the reagent (0.6% aqueous): Before the paper is quite 
dry, add a drop of the test solution. М n 
A red to. violet ring surrounded Буја раје yellow. to colour- 
less zone on the yellow paper indicate tin, the. limit of identi- 
fication being 0.5.lig. Sn, conc. limit: & in 2,50,000.. "m 


(д. Dithiol Reagent 


SH ~ 
SH 


Сн; 


pt. with the reagent in acid solution, 


Stannous salts form red p 
pb, Hg, Cd, Аз, Sb, Cu, Ni, Co, 


The interference is due to Ag, 
ві, РО“ and NOs. 

ution in à semimicro 
ops of the reagent 
cent NaOH solu- 
id) to facititate 


Test Take 2 drops of 
crucible, acidified with dil HC! and add 3:dr 


solution (0.2:g of reagent in 100 inl. of 1 per 
tion and adding 0.3—0.5 g of thioglycollic ac: 


the reduction of Sn** to Sn^?)- 


A red ppt. of colour indicates tin, Conc. limit: 1 in 5,090,000. 
Group HX (Fe**, А+ and Се“). 


Tests for Ее" 
(о 2,7 -pipyridyl Reagent 
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-Aron(II) salts form deep red colour with the reagent. Therefore 
siton(IIl);, must. Без reduced first: with... hydroxylammonium 
chloride or thioglycollic acid, 


Test Take 2 drops of the test solution in а semi-micro test 
“tube, add 3-4 drops'of hydroxylammonium chloride and acidily 
the solution. Place--1 ‘drop of.this solution on spot plate.and 
add 1 drop of the reagent solution (2% solution in ethanol). 


A deep red colour of the solution indicates iron, the limit of 
identification being 0.25 ug Fe; conc. limit, 1 in 1,666,000. 


(b) o-Phenanthroline Reagent k 


Iron(L[) salts give red colour with the reagent in fanity acidic 
solution. Reduce ігоп(Ш) to iron(II) as above. 


Test Place 1 drop of reduced iron(III) on the spot plate and 
"ада 1 drop of the reagent solution (0.1% aqueous solution). 


_А red colour indicates iron, tlie conc. limit, 1 in 1,50,000. 


“(¢) Ferron Reagent 


}коп(Ш) salts give green colour with the reagent at pH 3.5. 
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Test Place 1 drop of the test solution (pH .3.5) on a spot 
plate and add 1 drop ofthe reagent solution (0.1% a 
solution). ' id ution (0.1% aqueous 

A green colour indicates irom, the limit of identification 
being 0.5 ug Fél. «е D NAR NOR «S 


Tests for AI** 


(a) Aluminon Reagent 


HO ai 20% OW ө 
реса аас papi Th. 1S 
COONH 
1 5 


(Vv 1 


ated in the presence of this 


Aluminium hydroxide precipit 
terference is due to Cu, Fe, Ni, 


reagent yields а red/lake. The) in 
and Be. 1 


solution (pH about 6.3) on filter 


Test Place опе drop of test 
% aqueous) solution 


paper and add 1 drop of the reagent (0.1 
and wait for 30 seconds, Rinse paper with water. 


A red spot indicates aluminium, the limit of identification 


being.0.5 ug Al. 
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` (6) Quinalizarin Reagent 


OH OH 
co i 


со 
OH 


Aluminium salts give red-violet colour with the reagent. 


Test Place 1 drop of the test solution Оша prepared filter 
paper. (А suitable filter paper is prepared by soaking filter paper 
in а solution of 10 mg of the гвадеп!. in 2 mL of pyridine and 
20 mL. acetone). Hold the-«paper-over ‘animonia when it will 
iri btue айе to formation ‘of the ammonium salt of the dye. 
Now hold the paper over glacial acetic acid until the unmoiste- 
ned paper regains its brown colour. 


A ted-violet spot on the paper indicates aluminium, the limit 
of identification being 0.01- ug Al; conc. limit, 1 in 2,000,000. 


Tests for Сг? 
(a) sym-Diphenylcarbazide Reagent 
e H 


о =C $3 
мн NH. сене 


Chromium salts give violet colour with the reagent. The 
interference is due to Co, Cu, Ni, and Fe. 


Test Place 1 drop of the test solution on а spot р!аје 
and add 1 drop of saturated solution of potassium persulpitafe. 


-Spot Test Analysis ^43 


Now add'l drop! of 2 per cent AgNO, solution. After waiting 
for a few seconds; add 1 drop’ of ‘conc. H4S04- Ада 1: drop of 
reagent solution (175 solution in ethanol). 


A violet colour indicates chromium, the limit: of identifi- 
cation being 0.5 ug Cr; conc. limit, 1 in 2,000,000. 


(b) Alizarin S Reagent 


S03No. 


Chromium salts give red ppt. ог colour with the reagent. 


Test Take а drop of test solution (alkaline with NaOH) 
and treat with a drop of reagent solution (0.1% aqueous), 
followed by acetic acid until the violet colour disappears and 


then with a further drop of acetic acid. 


A red colour or ppt. which intensifies on standing indicates 
chromium. 


Group IV (Ni**, Co**, Mn'*, and Za'*) 


Tests for Ni’* 

(a) Dimethylglyoxime Reagent 
H,C—C=NOH 
H,C—C=NOH 


Nickel salts give red colour or ppt. with the reagent ја 
ett which can be 


alkaline medium. The interference is due to Е 
prevented by the presence of EDTA. 
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Test Place 1 drop of ‘test solution on filter paper and. add 
l.drop of reagent solution (1%, ethanolic solution). Expose.the 
paper to ammonia fumes. 


“Ube A pink or red’spot indicates nickel, the limit of identification 
being 0.25 ug Ni; conc. limit; 1 in 300,000, 


(b) Dithio-oxamide Reagent 


Nickel salts give blue colour with the reagent in alkaline 
medium. The interference is due to Cu, Cd, Co, Cd and Za. 


Test Place one drop of the test solution on filter paper, 
' Expose the filter paper to ammonia fumes. Now add 1 drop 
‘of the reagent solution (1% ethanolic solution). 


A blue to blue-violet spot indicates nickel, the limit of 
identification being 0.01 „g Ni; conc. limit, 1 in 1,250,000. 


à 


(с) a-Furil-dioxime Reagent 


C4H40 == = "Мон 
| 


Nickel salts give red ppt..with the reagent in slightly ammoniacal 
solution. The interference is due to Fe^* and should be oxidized 
and alkaline tartrate solution added before applying the test. 


Test, Place 1 drop of the test solution on a filter paper. 
" Expose itto ammonia. fumes, Now add 2 drop of the reagent 
solution (10% ethanolic solution). 
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А red colour or ppt. indicates nickel, the limit of identifica- 
tion being 0.02 pg Ni; conc. limit, 1 in 6,000,000. ! 


Tests for Co** 


(a) a-Nitroso-B-naphthol Reagent 


NO 
“уон 
Pp 


у 


Cobalt salts give red-brown ppt. with the reagent. The inter- 


ference is due to Cu, Fe and Pd. 


tion on filter paper ‘and 
(0.1 g reagent in 20 mL 
to 200 mL. with water). 


Test Place 1 drop of the test solu 
add 1 дгор of the reagent solution 
water and 1 mL dil NaOH and diluting 


A pink ring indicates cobalt, the limit of identification 


being 0.05 pg Co; cone: limit, 1 in 1,000,000. . : 


(b) Nitroso-R-salt Reagent 


№057 "$04NG 


Cobalt salts give deep. red colour, with ithe reagent.- The 
interference is due to Sn. and Fe: The. interference. due to iron 
can be prevented by the addition of an alkali fluoride. 
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Test Place 1 drop of the neutral test solution (buffered 
with CHsCOONa) on а spot plate, add 2-3 drops of the reagent 
solution (17; aqueous solution). 


A red colour indicates cobalt, conc. limit. 1 in 500,000. 


Tests for Mn'* 
(a) Tetra-base Reagent 


Ho A» N (Сну), 


N (сну), 


Manganese salts give blue colour with the reagent. The 
interference is due to Fe and Hg. 


Test Place 1 drop of the test solution ona spot plate and 
add 1 drop of saturated solution of KIO,. Now add 1 drop of 
the reagent solution (42% solution in glacial acetic acid). 


A blue colour indicates manganese, the limit of identification 
being 0.05 ug Mn; conc. limit, 1 in 50,000,000. 
(b) Formaldoxime Reagent 
HCH—NOH 


Manganese salts give red colour with the reagent. The 
interference is due to Cu which can be overcome by the use of 


KCN. 

Test Таке а few drops of the test solution in a semi-micro 
test tube and add 2 drops of 4 N NaOH solution. Now add 
one drop of the reagent solution (2.5% aqueous solution). 


A red colour indicates manganese, the limit of identification 
being 0.25 ug Mn; conc. limit, 1 in 20,000,000. 


Spot Test Analysis 
Tests for Zn** 


(a) Dithizone Reagent 


ve red colour in carbon tetrachloride with the 


Zinc salts gi 
e due to heavy metals are climinated 


reagent, The interferenc 
by the use of NH4CN. 


Test Take } drop of th 
a semi-micro test tube, add 2 drops of 10 per cent Na,S,0, 


solution. апд. 1 drop of 2M NH4CN. 
0.002 per cent solution of reagent in саг 


shake. 


bon tetrachloride and 


A red colour їп CCl, layer indicates zinc. The limit of 


identification is 0.06 pg Zn. 


(b) Quinaldic acid Reagent 


NU SIS 
соон 


Zinc salts form white ppt. with the reagent. The interference is 
due to Cu, Cd, Fe and Cr. 
of the test. soluti 
f the reagent soluti 
d then di 


on in a semi«micto test 
оп (1 g of the reagent 


Test Take 2 drops 
luted to 100 mL with 


tube and add 2 drops 9 
is neutralized with NaOH an 


distilled water). 


A white ppt. indicates zinc. 
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Group V (Ba^*, Sr**, and Са?+) 
Tests for Ва?+ 


(a) Sodium rhodizonate Reagent 


CO - со — сома 
| 


| 
CO — C0 — С Ома 


Barium salts give red-brown colour with the reagent. The 
interference is due to Fe, Pb, Sr and S?~. These ions must be 
removed before the test is applied, but Sr?" can be distinguished 
from Ba'* by exposing the red-brown spot to НСІ fumes, the 
colour of the spot will be discharged if it was produced by 57". 


Test Place 1 drop of the test solution (neutral or very 
slightly acidic) and one drop of the reagent solution (freshly 
prepared 0.2 per cent aqueous solution) on a filter paper. 
Expose the filter paper to ammonia fumes. 


A red-brown colour indicates barium, the limit of identifica- 
tion being 0.25 yg Ba; conc. limit, 1 in 200,000. 


Tests Гог Sr'* 


(a) Sodium rhodizonate Reagent 


As discussed above the reagent can be used for the detection 
of Ba** and Sr**, Therefore in the presence of Ba**, barium is 
converted to insoluble chromate. 


Test Place | drop of the neutral test solution on filter paper 
impregnated with K,CrO, solution. After a' minute, add a 
drop’ of reagent solution. 


A brown-red spot indicates Micontium, the limit of identi- 
fication being 3.9 ug Sr (in the presence of 80 times as much as 
Ba); conc. limit, 1 in 13,000. . 
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Test for Ca** j 


(a) Picrolonic acid Reagent 


O2N.CH — C.CH3 
і 
ос. 


Calcium salts form characteristic crystalline. ppt. with the 


reagent. 


saturated (176 aqueous)’ solu» 


Test Place 1 drop of a cold 
ope slide, add 1 drop of the 


tion of reagent on a warm micros? 


test solution. 
Characteristic rectangular crystals indicate | calcium, fs 
Мани AA being 0.01 og Cus баве. ау Дани 


(b) Sodium rhodizonate Reagent 
In the absence of Ва, Sr** and P p*, Cat may be detected by 
means of the reagent. à 
Test Place 1 drop of the а (neutral or = > : 
acidic) on а spot plate, АЙС. x: 
(freshly prepared 02% aqueous solution), Now add дор 
of 0.5 N- NaOH solution and six 
А violet, ppt. indicates, calcium phe ligit oh "EMT im 
being 1 ug Ca. : 
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(c) Sodium dihydroxytartrate osazone Reagent 


Де -N= i — соомо 


ii 


Н $ « | 


Calcium salts form yellow ppt. with the reagent. 


Test Take a drop of the test solution (neutral) on a black 
watch glass. Add a small quantity of the solid reagent. 


A white film or ppt. appearing over the surface of the liquid 
indicates calcium, the limit of identification being 0.01 ug Ca; 
conc. limit, 1 in 5,000,000. 


Group VI (Mg^*, Ма" and K+) 
Tests for Мр 
(a) Magneson Reagent 


O4N— тї =, N= “OH 


HO” 


Magnesium hydroxide forms sky-blue lake with the reagent. 
A number of ions interfere with test. 


Test Place 1 drop of the test solution (alkaline medium) on 
a spot plate. Now add 1 to 3 drops of the reagent solution 


(0.001 g of the reagent in 100 mL 2 N NaOH solution). 
__A sky-blue ppt. or lake in a mauve liquid indicates 
magnesium. the limit of identification being 0.5 ug Mg; conc. 
limit, 1 in 100,000. ; 


Spot Test Analysis 21 
(b) Titan yellow Reagent i 


sions 
à 
Si с- 4 
H3C { 50 На. 


Magnesium salts form bright red ppt. in caustic alkali jl 

| ч ne solu- 

à ч e presence of СМ“, The interference is due to Cu edd 
n. But these ions can be removed by precipitating as sul 

with Na,S. i адни г. 


Test Place 1 drop of the test solution on a spot plate. Add 
2 drops of 5 N KCN solution and 1 drop of 4 N NaOH solu- 
tion. Stir the solution thoroughly and now add 1 drop of the 
reagent solution (0.175 aqueous solution). 


А bright red ppt. or colour indicates magnesium, the limit 
of identification being 1.5 ug Mg; conc. limit, 1 in 33,000. 


Tests for Na* 


(a) Uranyl zinc acetate Reagent 
Sodium salts form yellow colour or ppt. with the reagent. 


Test Take 2 drops of the test solution on a black watch 
glass and add 8 drops of the reagent solution.* Stir the solution 
with the glass rod. 


*The reagent is prepared as follows: 
Dissolve 10 g of UO:(CHsCOO)j in 6 g of 30 per cent СНАСООН, and 
dilute with water to 50 mL (solution A). 
Tn a separate measuring flask, dissolve 30 g of Zn(CHsCOO), in 3g. of 
30 per cent CH,COOH and dilute with water to 50 mL. (solution B) 
Mix the two solutions А and B and add а small quantity of NaCl. 


Allow to stand for 24 h, and filter; filtrate contains uranyl zinc acetefe, , 
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| A yellow colour or ppt. indicates sodium, the limit of 
identification being 12.5 pg Na; conc. limit, 1 in 4,000. 

Test for K* З 

(а) Dipicrylamine Reagent. 


021 NH NO, 


NO, ` 
Potassium salts form orange red colour with the reagent. The 
interference is due to NH,*. 

Tesi Take 1 drop of the test solution (neutral) on a filter 
paper and add 1 drop of the alkaline solution of the reagent 
(Dissolve 200 mg of the reagent in 20 mL of boiling 0.1 № 
М№а СО», filter and cool the filtrate). 

An orange red colour indicates potassium, the limit of 
identification being 3 pg K; conc. limit, 1 in 10,000. 

Test for NH,* 


(a) p—Nitrobenzenediazonium chloride Reagent 


Ammonium salts form red zone around the CaO with the 
reagent. 

Test Place а drop ofthetest solution (neutral or slightly 
acidic) on a spot plate, followed by 1 drop of the reagent and 
a fine granule of CaO between the two drops. 


“A red zone around the CaO indicates ammonium. The limit 
being 0.7 ug NH,*; conc. limit, 1 in 75,000, 


APPENDIX 


Préparation of Reagent Solutions 
Reagent Approximate Preparation of 1 litre solution 
normality 

Ammonium acetate 3N Dissolve 231 g in water and dilute 
to volume, 

Ammonium carbonate — 4N Dissolve 160 g in a mixture of 140 
ml of conc, ammonia and 860 mL 
of water. 

Ammonium chloride 5N Dissolve 270 g in water and dilute it 
to volume. 

Ammonium nitrate UN Dissólve 80 g in water and dilute it 
to volume. 

Ammonium oxalate 0.5 N Dissolve 34 g in water and dilute it 
to volume, 

Ammonium sulphate 2N Dissolve 132 g in water and dilute it 
to volume. 

Ammonium sulphide 6N Pass HS gas through 130: mL of 

(yellow) concentrated ammonia solution in 
cold until it is saturated; add 10g 
of flowers of sulphur and 250 mL of 
conc. ammonia solotion. Shake the 
mixture until the sulphur is dis- 
solved and finally dilute with distil- 
led water to volume. 

Barium chloride 0:5 М Dissolve 61 g in water and dilute it 
to volume. 

Calcium chloride 05м Dissolve 55 g in water and dilute it 
to volume, 

Cobalt nitrate 0.3N Dissolve 44 g in water and dilute it 
to volume. 

Copper sulphate 0.5N Dissolve 125 g in about 500 mL 


water containing 3 mL of conc. 
HaSO,. Make up the volume. 
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Reagent Approximate Preparation ot 1 litre solution 
normality 
Ferric chloride 05N Dissolve 135 g in about 500 mL of 


Iodine solution 0.1N 
Lead acetate 0.5 N 
Mercuric chloride 02 N 
Potassium chromate 0.5 N 


Potassium ferricyanide 0.033 M 
Potassium ferrocyanide 0.025 M 
Potassium iodide 05N 


Potassium permanganate 0.1 N 


Potassium thiocyanate 0.5 N 

Silvèr nitrate 0.1 N 

Sodium hydrogen IN 
phosphate 

Stannous chloride 0.5 М 


Neutral FeCl; solution 


Nessler's reagent 


water containing 20 mL of conc. 
HCI. Make up the volume. 

Dissolve 12.7 g iodine in a. solution 
containing 20 g of KI in 30 mL of 
water and finally dilute with water 


‘to volume. \ 


Dissolve 95g in water containing 
conc, НСІ and dilute it to volume. 
Dissolve 27 g in water and dilute it 
to volume. 

Dissolve 49 g in water and dilute it 
to volume. 

Dissolve 10.98 g in water and dilute 
it to volume. 

Dissolve 10.5 g in water and dilute 
it to volume. 

Dissolve 83g in water and dilute 
it to volume. 

Dissolve 3.2 g in water, dilute to 
volume and finally filter through 
glass wool. 

Dissolve 49 g in water and dilute it 
to volume. 

Dissolve 17 g in water and dilute it 
to volume. 

Dissolve 120 g in water and dilute 
it volume. 

Dissolve 56g in 100 mL of conc. 
HCI and then dilute with water to 
1 litre. Add a few pieces of tin 
metal. 

Add NaOH solution dropwise to 
FeCly solution until a slight ppt. 
persists on shaking. Now add dil. 
HCI in drops until the ppt. just 
dissolves, : 

Dissolve 23g of mercuric iodide 
and 16g of KI in distilled water 
(free of NHs) and dilute to 
1000 mL. Then add 100 mL of 6 N 
NaOH solution. 
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Solid Reagents Aluminium powder, Ammonium chloride, 
Borax, Calcium chloride, Lead dioxide, Magnesium metal, 
Potassium nitrite, Potassium permanganate, Potassium bisul- 
phate, Potassium dichromate, Potassium iodide, Sodium nitrate, 
Sodium bicarbonate, Sodium nitrite, Sodium peroxide, Sodium 
bisulphate, Zinc metal, Zinc chloride, a-naphtho]. 


Indicators 


Phenolphthalein solution Dissolve 5g of phenolphthalein 
in 50 mL of rectified spirit and 500 mL water with constant 
stirring. Filter, if necessary. 


Litmus solution (blue) Dissolve 10 g of the solid in 1000 mL 
of water. 


Litmus solution (red) To 1 per cent blue litmus soln, pre- 
pared above, add a few drops of HCl until the solution acqui- 


res a red colour. 


Methyl orange solution Dissolve 1 g of solid in one litre of 
hot water and filter. 


Methyl red solution Dissolve 1g of solid in 0.5 litre of 
alcohol and dilute with water to one litre, 
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International Atomic Masses" 
Element Symbol Atomic Atomic mass 
number (amu) 
Auge ва ери needle stir ои LP ee 
Aluminium AL 13 26,9815 
Antimony Sb 51 121.75 
Arsenic AS 33 74.9216 
Barium Ва 56 137.34 
Bismuth Bi 83 208.280 
. Boron. B 5 10,811 
Bromine, Br 35 79.909 
Cadmium Cd 48 112.40 
Calcium Ca 20 40.08 
Carbon, c 6 12.01115 
Chlorine СІ 17 85.453 
Chromium Cr 24 51.996 
Cobalt Co 27 58.9332 
Copper Са. 29: 63.54. 
Fluorine. F 9 18.9984 
Gold Au 79 196.967 
Hydrogen H 1 1.00797 
Todine I 53 126.9043 
Tron Té 26 55.847 
Lead Pb 82 207.19 
Lithium Li 3 6.939 
Magnesium Ме. 12 24.312 
Manganese Mn 25 54.9380 
Mercury Hg 80 200.59 
Nickel Ni 28 58.71 
Nitrogen N 7 14.0067 
Oxygen о 8 15.9994 
Phosphorus iv) 15 30.9738 
Platinum Pt 78 195.09 
Potassium K 19 39.102 
Silicon Si 14 28.086 
Silver Ag 47 107.870 
Sodium Na 11 22.9898 
Strontium Sr 38 87.62 
Sulphur S 16 32.064 
Tin Sn 50 118.69 
Uranium U 92 238.03 
Zinc Zn 30 65.37 


*Values are based on the C-12 standard, 


p 
Аы 
па AUN 
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